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ABOUT THE AUTHOR lSS 
This book d('~cribes the fei1iturt."~ of the 
microburst on August 2, 1985, related to the 
Ddt,l 191 "ccident durin!~ tilt: ilpproilC.h to Run-
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The detailed reconstrvction of the ail'flow and 
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relatt'd accidents in future yearf-. Tlw sl.!if nwm-
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the Geophysical Sciences, H".I! Univcrsity of Chi· 
cago, pl«:yed a major role in completmp; this 
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schedule. The author wishes 10 express hi:) sin-
cere appreciation to Mrs. Toshiko Arai, wife of 
the Consul General of jilpan lor her volunteer 
<lrt work and to Mrs. Akiko SugMlO for drafting 
.'lid I",yout. Finally, spedi\li apprecilZliol1 is dm:' 
to my wife, Susie Fujita, for her hidden eff,)rts in 
assisting with plotting charts and typing the 
m.mmv:ript while sharinr, sleepless nights with 
tlw ,mtnor. 
-1 ne nwtcomlogkill rcseilreh on raGi.1f, satellitI.', 
ilnd cmlwnlitmal data was spnnsoOi:d by the 
Nfliiun,,\ Aewflimli<.s;IY'd Ac.minis(raliol1 
(NASA) under Grtlnt NCR a·(}OHIO" and the 
N"~,,ionll! Environment.,1 SJh~Hite, Dat;l, and 
InfoHp.i'ltion Service (NESDIS) under Gr"nt 
NiV151 ADRiJ(""L The <:omputation and I'CCOfl-
!ltructic1n of mkmburst winds [~nd the iabora-
lory IT',dc'l ('xperiml!nl of mkroblUFh w(~rc 
sp(1nsm'~"d by IIw NiilHonil1 Sclen('(" Foundiltion 
(N::;F) undN Cr;mt ATM8W'J828. 
Ji.:;mE.ry :H, 1986 
Tetsll},;;' Thcodm(~ FIl;:tn 
Tilt, Univ("fsity 01 Chkilgn 
Introdu.ction 
August :2. 1985 was a Vel"Y hot SUIT'tlIlcr day at tht~ Dullas-Ft. N01'tll (OFI'l) 
Airport ~~i th midafternoon surface temperature of 101°F (311. 3°C). '[he 
upper.-air temperature bt~low 7CO rob was dry-adiabatic. Although large 
thunderstonlls were located along the warm front far to the northeast, there 
were scatten:d. relatively smtiH thunderstorms to the north of the airport. 
At 1(104 COT, i)",lta 191 (L-IOll) passed O'Jer the outer marker a.nd descenci;f;'d 
toward Runway 17L. At 1803 COT, Delta 191 had already entered the localized 
rainshower. While traversing through severe and unusual microbu:rst Hinds, 
the aircraft lost its altitude and contacted the ground in 11 plowed field 
to the north of Texas High.ray 114 at the location of the red dot in Fig. 
1.1. (For airport coordinate. see fig. I.2). 
J",f.g" I.1 .1m J!I",!ri.al photo of DFh' Ai.r-POl't:, looki.ng' nor!:ll. Ph()t(.~ Ly 





ATe :/.'ad!l>: coordinate::; (b.1 ue) ano EWmifl1 t.i l? l, coordilJ.'iltcB 
ul'lOn ~ \'f:Jrtici'i..1 photo. 
:3 Introduction 
----_._-------_ .... _._---------------
Pi.g. I.3 17L coort:1im;;;tr-·[J Ii?.;uie vis1.i.ble by }f - !l J..ine::: in blue. Line 
lm.:e~nle.l i.t:! 1,000 ft. .r. :red line /':~;j1tli:~ruiing fI:om lett to z'ight lJcro.::s 
thiN photo denotes i:he PElt}} of tile l!IirCl'i#i't ~vldch lZ/ade the fj I'st cant:dC£; 
:in tIm plm·,'(:}rl f.ield. Photo by tile t:luf::hor on SfJptemJ.Jer 4, 19fi5. 
The x-axis of Rumlifay 17[, coordil~ates i!; the centedinc of the rum,'tlY. 
with positive direction tm",al'd the south. The y-axis is perpendicular 
to the x-axis. "'ith its positive directim, tow:u'd the west. The origin 
of the coordinates is located at the gpproac:h end on the rumifay (Sec Fig. 
1.2) • 
The locations of the four arcuml contacts are s.hown in Fig. 1.3, along 
with the I'lL coordinutos at 1,000 ft interval of both x and y lines. 
Five··foD'i: contoUi:' lines in Fir;:. 1.4 nwelll. that the ground at the fir.st 
contact slopes slightly u!'Hm:rd tOl'lard the south. 
Aftor lllll:,kj n6 the second contact in Ii slHn't grass field. th';l aircraft· s 
lanr.!illg I;;CEH" contacted the pavmllclit of the high~my. The time betl.ccn the 
first and third (highwayl contacts was ap?roximately 3.6 secJocis. Between 
the third ~nd fourth co;,ltacts. the aircraft WI;S airborne only for about 
1 secant!. ';'1;';11 the fourt,l (;ont;M~t occuX'l'\Ou on the sonth side of tho seTvic{~ 




j'iq. 1.4 Position of the aircraft: accelerometer at 1/8 second inter-
val (small, black dots). The first c1nd the second contacts are those 
of the main landing gear. The third contact; left tile tire tZ'acks of 
both main and nose gear. Contour interva.l is 5 ft. 
Chapter One 
1.1 Weathe~ at DFW Airport 
The National Weather. Servic~ (N\'IS) anemometer and the Low Level !'lind 
Shear Alert System (LLWAS) cente~:ficld anemometer.s are co-located 1, leO' 
to the east of 171. centerline (See Fig. I.2). As shown in Fi,;. 1.1, th\! 
distance bet~een them is no more than 150 feet. 
The t!WS Airport Office is located at the Delta hangar, <1,500 1 C5/4 n.m.) 
south of the anemometer. At 1553 CDT, NWS observed scattered towcrin: 
cumuli with their bases at 6,000' AGL and scattered cirrus at 21,000' ACiL. 
The 1751 CDT observation in Table 1.1 indicat0s little change in tht 
cloud-base heights of both cumuli and cirrus chuds. However, shortly 
thereafter, a thunderstorm deve loped to the northeast of the appro,tch end 
of 17L and moved slowly across the Helel tOI'lard the south, inducing gusty 
11i.nds which were measured at the centerfield location beginning at 1811 
COT and peaking at 1824:30 COT (See Fig. 1.2). 
Fi~J. 1..1 Nv{S (left) ilnd [,VNAS centerfield (riqht) towers ;:)jlOtogl'aphc(} 
by the author on Septc'mbeJ:: 4, 19115 pr.io:c to 'his ride on the chen:~1 
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Fig. 1 2 The trace of the gllsty Iv.inds meastIrl?ci by the NaUonal 
r'leatht'lX' Sarvice anemomt'i:'er seen in Fi~l. 1.1. 
Table 1.1 Weather observations from tllt~ Na.tional vlcatlwr Se.rvj.(x~ 
Ai:eport Office located at the Delt,'l. lwngiir.. 
COT CLOUDS VIS T I Td ddff RCMt,RKS 
1751 GOSeT E210nKN 11 '101 / 65 1zon en N-NE Tel) NE-S-\l-N 
1805 E60SCT 210BKN 10 0708 T Ii-!'~E AND O'iHO t-\OVG SLOWLY S CCNL '. TGCC 
RWU N-NE reu NE-~·[ w 
1814 4SCT [GOBKN 210llKN '11 3637 T N-NE AND OVHD N0\'G SLQlll Y S Dei'lL l. TGCC 
RWll N-NE 
H126 
-x E60BKN 1/2 30:'0 T N-NE fltW OVHD ViOVG Sl.o\~LY S oeNt. U Gee 
1837 60BKN 2 1/2 1217 1 OVHD t\OVG SLOHL Y $ OeNt LTGC(,: OVHCI 
lil~3 f6011KN 210BKN 7 B[l / f.i.1 0210 T N .. Nf. AND OVHD STimv ceNL ! rGCC N.NE 1 __ , 
! 
[ 
7 releather situat:.ions 
Fig. 1.3 A three-cup llne:IDometell-
of tIle MiS seen from tile cherry 
picker" 




Fig. 1. 4 Tlu'1 propeller-typ'£! l:JJM£l 
centerfield <1ne,'lIOl!letor. 
,~'ig • . 1. 5 Winds and I"eatlwl' at DFiv 11irport on AL1vust ::1, J985 bet!;'("~,n 
1650 ilnd 1920 eDT. !'linds report(~d bp [)l'W CX'-B and C2'-11 "u'e ~;l'J.(J[m in 
bJue, wh.ile those by iJl"S cae .in xf!d. 
Presented in Figs. 1.3 Bnd 1.4 are the NWS and the centerfield ancmomntcrs J 
respectively. Reported winds by NWS ami CT-E nr,d CT-W are silm,m in Fin, 
1.5. Note that the centerfield winds reported by ATC to lots DTe unusually 
lOl'lCT, on the average, than N~'iS "finds, while gusts fHllTI LLWAS are ;:' 
than these from tho NWS wind trace. 
Weather situations a 
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Fig •. l. 6 Jl view frof<t the cherry pir.ke}; bucket pliJJced abo~l'e tll1:~ r,unw 
UB am:>.Itlometer. Th'O l¥"lter tanks and the entire <11:ea 0)." tlle tllin:i and 
fO!lrt!1 contacts c1re visible. I>;wto by tile iwtbor 011 ,s'(lpl;('!i'iiliel" 4, 1985. 
The LLl'IAS NE located 400' east of the I7L centerline and 3,000' north 
of the li'L threshold is the anemometer closest to the accident site. Since 
the exposure of this anemometer is excelhmt" it should have detected the 
microbuTst Idnd as early as 1806 CDT (Sec Fig. 1.6 for exposure and Fig. 
5.9 for microburst boundary). 
Fig. 1.7 Barograph a.nd ra_in9'~"luq(~ tr'H.JIflS from the Natioywl !lllU),tJun' 
Scrvico Dfil Aix:po!:t- Oft'ice <1'1: tlle Delta hl!mgcll~. 
'rIte N\\fS ~;taticil'l 
to be 991.47 mb. 
obtained from the 
AtrtlosplwI'fO equation. 
n t the Nt'lS I'.l re 
preS!;!'1!'e (01evation 574.83') at 1806 COT I.as comput(:d 
This value \Vas used in correcting the DFDR IJl.'essm:e 
ALTF prc:ssure al ti tude filH~ data and the Standard 
Pn1ssure v;:n'intions and cur.mllltive rainfalls recorded 
in Fig. 1.7. A total of 0.42" rainfall 'ill,S receivod 
during the thufIlicrsttn"rr, vlhich induced both the DL 191. ,~nd the i'O~kt pcnk 
gust microburst5. 
9 f'leather situations 
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'fhunder!>torm activity in s.rtd around the DFI1 Airport tillS depicted by the 
Nl'IS St.ephenville. Texas (SEP) rudar.. A sequence of Kavouras system photos 
did not include the color imagery at the accident time. TlJO photos in 
Fig. 1.3 show stlWITI echoes at. 1'l43 (23 minutes before the accident) and 
1819 COT (13 minutes after the accident). 
A 16-rnm radar film (B & W) from SEP. 75 n.m. southwest of DFIV includes 
a sequence of images taken every 4 to 5 minutes. Figure 1. 9 presents a 
sequence of 16 pictur(~s taken between 1'7"37 and 1843 CDT. The parent echo 
of the DL 191 microburst, identified as Echo "2" appeared at 1752 COT just 
to the east of the 171. glidcslope (See Fig. 1.9). It was a video integrator 
and processor (VIP) level 2 echo •. 3 n.m. in diameter. In 4 minutes, at 
1756 COT, it grew to 6 n.m. in diameter. At 1800 COT, Echo "2" was observed 
by the SEP radar specialist to have received a VIP level 4 (See NTSB Exhibit 
5, black and white photograph. and NTSB Transcript. P55). The core at 
1804 cor was located on the 17L glideslope. Thereafter. the core increased 
in diameter until 1813 COT. while moving slowly toward the south. 
The core of Echo "2" ~~as located directly above the m~s anemometer when 
it meat:;ured the 70-kt peak gust at 1825 CDT. Echo "2" began decreasing 
in diameter and in intensity. This evidence shows that th~ parent echo 
of the DL 191 rnicl"oburst t1ppeal'cd on the SEP radar scope 14 minutes in 
advance of the accident. Six minutes before the aCcident, Echo "2" intensity 
increased to a VIP level 4. The peak gust of the microburst measured by 
the NI'JS anemometer. located 16.000' (2.7 n.m.) south of the microburst 
center. was 46 kts. 
Apparently. the 70··kt peak gust at 11.125 eDT was induced by the second 
microbuTst. spawned by the same parent: Echo "2" as it passed directly over 
the run"'JIlY area. Figure 1.5 shows two wind shifts, the one caused by the 
first microlmrst (OL 191 microburst) at 1811 cor and the other by the second 
rllicrohurst \.t~ith u 70-kt peak gust) at ]825 CDT. 
l?ig. 1.8 
to (left) 
1.'1>1,) pliotos .sho~!.inq the tlm.ndol"8torm echoes 23 minutm;: prior 
[mel 13 mirHyt0s a1te.r (ri<}!Jt) the accident. Video h~1 
Ifeatiler s.l tU81tions 10 
Fig. 1.9 A seqtJenc~ of r.i~diU: pll0tOS from the SEX' l.\:di{.lr., 75 n.m. 
soutllWt'st of Dl"{;! Airport. Ot' trw t·i..,€>. ;'wlil!Je.-red ecJlO<:s, Bcbo "2" ,induco:] 
t.'O m:!crobursts w1lic11 <41'(" the Dr, 191 micrclmrst and tIle 70-kt P€Nlk"'glWt 
m.icL·o.7)Ur.st. 
Echo "1" '~hich formed e~lr1ier them Echo "2" was located to the 
north··northeast. of the outer marker. Durin!,:; its l':f.tu:c,' stage. Echo "1" 
apparently obstructed the vit,w of Echo "2t~ according to the te:Jtimony of 
the f1 ight. crews of 11 number of aircraft. v.ppl'oaching :rU:114UY 1'lL from the 
north. 
v 
I I f;feather. sit:uatioflS 
During the past several years. it has been knmtn th!1t reIn ti v,~ly small 
thunderstorms could pro(lu(:,~ [cvt:l'e ~lir~d shear which mHlangers aircraft 
operations !it low altitudes. gecause the DFi'J thundersto'tm belongs to this 
category, it is necessary to understand the l~,iture of this type of storm 
on or near the glideslope of the npproachine: runway. 
At 1735 COT, 30 minutes before the accident. there were large thunderstorms 
along a warm front extending fro~l the Texas-OklahOiau border toward the 
southeast. TOHering cumuli were observed all around. the DF~; Airr:oTt tmd 
a cumulonimhus cloud begun developing to the northeast of the Airport (See 
Fig. 1.13 and Table 1.1). 
By 1805 COT, a line of relatively smrl.ll thunde:1.'storms formed along a 
very weak gust front of the cold air outflow from a lar8l~ thunderstorm 
cOll'plex along the ~iUrm front. Note tha.t the 101°F temperature decreases 
to 93"F near the warm-front thunderstorms (See Fig. 1.14). 
The 1835 COT photo in Fig. 1.1S reveals the grmtth of small thunderstorms 
along the NI'J-SE line through DFW, The shadow length of the DFW thundersto}'m 
was 110.000'. indicating that the height of the cloud top .ms 26.000' at 
this time • 
. l •. U GOt'S 1)110:0 cit: .1.735 CJ)7' 1.11011 t:I thunde1'st01711 lJC>l]illl d(?'Veloping 
st: 97'ff and 33"N, to tile nort;}1f?,~:lt of:' DEW Airpor.t. 
weather situations 12 
};o'ig. 1.14 GOES pIlOto at 1805 eDT, the time of the accident. A line 
o.f rolatively slTk'illl thundersto:cms formed along the leading edge of ,"I 
cool out.flow from the east. 
Fig • .l.15 GOES photo at: 1.835 em.', s[wI".ing the gTOI<lt/l of thund{!,rst:O.ll:l~: 
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Fig. 1.16 Jlr! e.rll{lrgel~ent of the GOrss p}lCIto at: HIOS eDT when r:l'J(~ lJlI.HiI 
Ridge VOR !-flU; boneatb tim {wvil cloud 01.' a la:t:g(1 atorl1i. 
Fig. 1.17 11 f'urt.llt?,t' enlI!Jl'fl[fJtC!'1f: 0;( tn(!! cor,s /) at: 1.805 CD 2' 
Etu[)(::r.i:rltp''':'Jscd uJ/,on tlJ(;~ echoes J.".fOJJ1 the SE;P 1:tJdlY1." (h.!lJe II .:,"1:nd ~in.fx.·8..v.:"()(l t 
cloud-top tempera tvX'",,$' (red) ill ·C. :(~'W coldet7;t; cloud- top tcmp(.'l'r~ tLll'e 
ot tllE' DFW tliunc1az'storm t;.'<iS -,14 nC. 
r'lelRther £Ii tuations I 4 
---_._. _._------_._._-.---------,,-,---_ .. 
Fig. 1.18 Isotherrtug oJ: i.nrr<l.r:ed te,f!!peratl1l"f::s supeJ':impm~t"d upon the 
GOES plwto elt 1805 CD'!'. Isotnerll;s of O(JC or c"lder tc'nlperatti~re "u:e 
d;ra~FiJ in blue a.nd those k'a.nller tlum OOC llre i.n rod., 
Fig. 1.J:9 A.n tfll.i.<Zlr9'~,ment of tlw .ISOS CDT photo sl1)}orimpo:;,ed upon 
ivotherms ~'5it 2"C .intel;'\t,11 lHH..! S;T'! X'l'tdar ochOElti<e tJ'lllS lCJl:,,"ation of tIle 





Figures 1.16 lind 1.18 pl'cscmt enlarged vicl1/s of the GOES photO' at 1805 
CDT in Fig. 1.14. The cloud-top temperature of the large thunderstorm 
north of the Dlue Ridge VOR ~ms -69"C. I~hile that of a rela.tively small 
thunderstorm northeast of DFW l"tlS -14"C. These GOES photos were enlarged 
further in Figs. 1.17 and 1.19. which are superimposed upon SEP radar echoes 
and infrared temperatures and their isotherms. 
A schematic view of these large (N of Blue Ridge) and l'e-Iatively sl:lall 
(NE of DFY/) thunderstorm:> in Fig. 1.20 shows their differences in both 
size and height. The forlilcr iWS SO,OOO' tall. while the latter Nas only 
23,000' tall according to two independent estimates based on the shadow 
length in Table 1.2 and on the infrared tempe:raturt~s in Fig. 1.17. 
Table 1.;] Comput:ation of cloud-top heights based on tile shadow 
length (S.L.) tri$iHH!.r:ed on satellite pictures • 
.. ----------------------, 
Local Time 1735 CDT 1805 CDT 1835 cor 
-----
S.l. of cumulus cloud base 12,000' 18.000' 26.000' 
AGL height of cumulus cloud base 6,000' 6.000' 6,000' 
Ratio of above 2.0 3.0 4.3 
S.L of the OF\>J thunderstorm 68,000' '110,000' 
ML height of the cloud top 23,000' ?6.000' 
... ~-,--.--
-----
7:'1<;.1.20 A v.iel;,' of the DF,y' tlmndez"stm:lII I'lhicll is d,'It:11:f0d by <'l gitmt 
tlltmd(l1.'si:I;Il."T.1 north of I:J.2ue l?i(Jgd VOT? 2'11e Stephenville sotmdiny 1l!'<,S 
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Fig. 1.21 JI stretching vortel: of tl m.icroburst Ifl.illde visible b~J a 
swirling dust cloud at Provo, Utah. Note that t:be dust cloud in. the 
right piloto, taken 12 seconds later, I>!.!W descending rCJpid19 tOl"ll1.-d the 
grolmd. Photos were ta.ker: from r··ss .1t 1915 111),1' on ,Tul!l 6, 1985 Jaoking 
northeast by Mr. D1J811e Stiegler 8 SMU.P, 'l'be rJniveu>'ity ot Chicago. 
~licroburst-inducing small thunderstorms are not as rare 11S people susp,ected 
years ago. They are reported just about eV\H'}'11h,ne. Fc·ur 'leeks before 
the DL 191 accident. It swirling dust cloud ",as pl~otoi~r:1phed 2 miles east 
of Provo, Utah Airport (Fig. 1.21). On ~,j[!.y 11. 1985 a microburst-inducing, 
small thllnderstorn 1,a.5 photogr,"ph~d at Id<J.ho Falls, Idsho (Fig. 1. 22). 
Fig. 1.22 An I'mtire iJhJW of a s1M1}' tha:Hi'e.t'S'tornl Iclll.:'cil induced 1I 
1/<:,,:11;: w'ind <"It f:IF'I 'Z'V .. Xda:l1o F,~i.ls, Jd£i/"::). 2'hot" J:)oJdny DUB .,1\': 






















Analysis of Delta 191 DFDR HewJout 
The purpose of analyzing the Digital Flight Data Recorder (OFDll) readout 
is to reconstruct the Delta 191 positions and attitud0s in conjunction 
with the ~nvil'onmental winds penetrated by the aircraft. A major problem 
in achieving this task is: to match the resolutions of the various readout 
parameters, some of which were measured four t.imes a second, while other.s 
were me&sured once every two seconds. 
2.1 Plots of the DFDR Readout 
.-
DFDR readout valUl~s from Del t3 191 were mcasured!!t 64 <lat;; gates each 
second. Since it is not practicable to perfoJ.lll integrations at 1/64 second 
time steps. eight data gates were grollped tog,,~ther in the order. of their 
recording sequence into one of the eight t irne 8TOUps in each sec(lfId. Table 
2.1 presents the data gates including each time ~roup. 
Table 2.1 Time-group assignmentt1 of the lJL 191 vn:m reaclout wlllles. 
T'llli;l longitudina.l accelDratiofl, for el:wlple, mea.surEd at O/8 p 2/{J, 
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Figure 2.1 presents an example vf the DFD!l parc:meters plotted with the 
time group shown in Table 2.1. Of a large numb0r of p3rametcrs, only ALTF p 
SAT, PITCH, AOA. ROLL, :lnd lAS were chusen to be presented in this figure. 
The drop in the static air temperature indicates a cold-air penetration; 
indicated airspeed drops suggest tailwind fmCQUllters; etc. 
I 9 Arllllysis of D0l t.:t 191 DFllll readQut 
The three axes of the aircraft coordin3t0s in Fig. 2.2 change their 
orientations when an aircraft pitches. rolls, and changes its he~ding. 
Consequently, the vertical acceleration in the DFDR reaiout does not always 
point toward the local vertical. 
Fig. 2.2 Aircraft coordinntes con.;;isting of [, (lonqitudin,ll), M 
(latcl"al), and N (normal) axes. These axe~~ <1re superi;:npo~;ed upDn 
a model ot" the De.lta Air Lines I.-lOll aircraft. 'l'his lolel ",'as buLlt 
by Mr. Brian Smith of the University ot Chicago. 
PRESSURE ALTITUDF., H· AUF + 1.4· (Ts IlyHl5,,,,.n e Yill.L!n.l1 
Ts. "TEMPERATURE OF THt: SlAIJD,\RD ATMOSPHERE AT H ~!'$. 
Tv. ViRTUAL TEMPERATUfif: AT Ii :.'\. 
Pi",j. 2.3 Computation oE the pressure altitnd!J, f{ ,b:: co.'"rectin:7 the 
dU'fe'l'encc .in tlw loc"tion& of U)(!' pressu.re sen.',or and ti.t? accclerOIlH?tc'l'. 
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EARTH COORDINATES I"7L COORDINATES 




Fig. 2.4 Earth coordinates dnd 17L coordillates. 
The "eartl! coordinates" consists of the Z··axis pointing toward the local 
zenith at the accelerometer, the X-axis points toward the aircraft heading, 
and the Y-axis is perpendicular to the X-axis. Both X- and Y-axes are 
included in the horizontal plane through the accelerometer. 
The "171, coordinates" con!'ists of the z-axis pointing toward the local 
zenith at the Rumm.y 171, threshold (Sec Fig. 2.4), the x-axis pointing 
tOI.ard the south along the runway cente}: li no with its true heading of 
180.26°, and the y--axis, pcrpendicular to thc x-axis. noth x- and y-axes 
are includ"d in the horizont~J. plane. The origin of the 17L coordinntes 
may be chosen at any height on the z-axis. 
In order to cJmpute the velocity and the distance traveled by the aircraft. 
tte three accelerations on the aircraft coordinates (L,M,N) were transformed 
into those on the earth coordinates (X,Y.Z). The equations of transformation 
derived by solving the spherical triangles 'in Fig. 2.5 are 
c. oa ~() t!>i!J 
X L cosO + f.I sinG sin't1 - N sin8 COS'') 
tt>~ ¢l1}J • tie 
Y ::: M cos</,> + N si11'1t, 
C'. (;ttJ) e0 &.6 




\~hel'e double dets denote acceleration along the coordinate axis. 'I'he unit 
in those equation;; i~ "glf, t.lw gravitll.tionaJ acceleration. 
2 I Analysis of Delta 1.9.1 lJFDI-?, .r:,~adout: 
---"---~"""-""'-.'-"-"''''-'"''''''''-'''''''-'''''''-''''''''------_._--------_ . 
. --.----....... ---~-... -----------.., 
cos A ' sinO sin</> 
cos 8 ' .. sin II cos.p 
C ' 90· 
cos D ' .. cos 9 sin.p 




E" .. ig·. 2.5 The idrcl.'<lft coordinates (["M I U)in red and tIle earth 




aircraft positions relative 
the earth coordinates \Icre 
t!t8 4»& .0 
y '" X sin\)" + Y cos"" 









\4here lit is the aircraft hoading meastrrcd clockwise from the 17L he!~ding. 
(180.26 Q true). The magnetic deviation at DFN on August 2 1985 was 7.02°. 
Three-component veloei ties and pcsitions of the aircraft were computed 
from 
t t 
.. 0 L ,,~ anrl + JJ dt x .- Xo {- " x cit x '" X6 (2.7) 
it <> t ." ' oil Y 'to'\'! y" + J.,y dt and y '" y,. + r y dt "0 (2.B) 
" 
t f 
" L ~" lind + !! dt z '" Zo + -0 z cit ,., "" t,<> " (2.9) 
where a single dot denotes, the velocity along a specific axis. I •. ~.. are 
ini tial Y<doci ties and x&,y", Ze are ini tinl positions detc ,"mined by ATe ::radar 
posi tions along \~i th input biases. 
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----,.----.~.--.--.. ---.~--.. -
2. (\ Computa.t1~:...£L1hr(~~(;:nsioni'l!«_Hir:d5 
Three-dimensional winds were ccm~lted by solving th~ following equa~ions 
'" TAS co:; Y (;.}5 ( ~I 8) (2.10) u == x - -1' 
., 
TAS cos Y sin (Vf -} S) (2.11) v ::: y .. 
f.> TAS sin ,,< (2.12) w ::: Z 
-
'V/llerc u,v,\'/ are component '''inds in the x,y,z directions, x,Y.i ar.e 
ground··relative velocity comp'Jnents, TAS is true airspeed, end "Yand a are 
the angles computed ;:is functions of pitch angle ( fj ). roll angle ( .p ). and 
angle of attack( a). and sideslip ungle( /J) (See Fig. 2.6). 
A number of spherical triangles in Stlcl:cssion wc:rc solved in computing 
y and 8 required in determining U.V.~I from Eqs. (2.10). (2.11), and (2.12). 
~in r • CO$I( sin f!1 + sin K cos fJ cos it.. .. B) 
---_._---_. __ ._-_ .... _---_._ .• _---_._---_ ... _-_._--_ ••• ,1 
F.ig. 2.6 SpllericaJ tr.illDryles for computing r mu1 ('0. J\'lu~.n f'Jic1nsJip of 
<1m a.irc:raft cIoes not exist, lW in tho Ct'.S/? of a ,;t~;cai.ght t:.Li,rhi:: in calm 
air, Y is ol,tairwd by :-impJ.!l subtr<;cting c! .from a. I'!hile .f.?yiny t:hrcmql1 
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--_, ___ ",,_ ....... ~_'"'''''m, __ ",.~.,._'''......,_· __ '_'_ ... ..-·''"_· 
Fig. 2.7 y-componll?,'lt Iv.inds computed .f:com f3 u5i.ng ~~erm 1, Terms 
1 and 2 ~ and Terras ~:, 2, and 3. Xt should be noted th:!t 7'erm .2 .is 
tlu: most .-i.mport,mt term in c0;111mt.ing v-COmpOfHJnt !.!.inds. Eff~cts 0.( 





sideslip angle /3 mainly influences B. Eqs. (2.10), (2.11). and 
indte;; to that l. influences most significantly, the component \'1inu 
r and ~, are relativ.:ly sn1uU. Althou.I'.h fJ includes a n.uTilbe:r of terms, 
be CXPl !!ssed b}' th' following thr'ce terms, 
[ hi W 1.1 f CRP R D 1 r eVil YR b 1 c, A-t P" Ct~S;¥: '"[- _··c-;- J + i - c, ~~ 'f~S- j 
(Term 1) (Term 2) (Term 3) 
.", 
(2.13) 
,,,hero pat'lllmeters are: M. lateral ilceeleni.'don; W. N<.'ight of nircl'aft; 
A, area of wings; p... the dc-lnsi ty of the sl.nndard atmosphere at sea level; 
CAS, correct~)d ail~speed; RD and C"o'" -0.0039 deg- I rudder angle and H~; 
coefficient; YR Gnd CH~ '" 0.0066 deg -I, Yal.1 rate and its coeffi<:ient~ b, 
wing span. Ilnd lAS, true lli:rspced. Side51il~ coefficicn;~ Cy vndes bet.ween 
-0.0220 and -0.0205 as th0 angl{~ of clttH.ck increases from 0° to 20". 
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Fig. 2.8 rvinds ill vertical and llOrJzcnt.'ll plillws ,f).lotted as functions 
of time. T}UJ top CtlZ'w, denotes the \';-CoillYOlwnt (VtiJ.-tical) l"inds and 
tIle bottom curve, the y-cQ:t1pOnent '<lines. Rcd nuv1)t:,.t'.'ii :lext to €:-Zlc:i"l 
arrot" axe total "linospeeds in eadl p.l<:me. 
The time-domain plcts of '1:11(1 com:put~;d 11inds in both v()rtil~al and hori::.ontal 
planes show convincingly that DL 191 encountered severe wind shear systems. 
According to the author lsi nterpretatioll, Mic1'nburst 3 jl3.S the young(~st, 
being located near the center of tX10 ovend I dOt~r,f1c>H. Microburst~: 2 onu 
1 are progl'cssivelr older with Mic:robur:,t 0,. being th{! oldest, prohably 
several !'lll1utes older than Mic'{'oburst 3. 
Each of !Iii crobursts I, 2. and .3 t1l1S a cccmpt~!1icd by ;) roll vortex on th,,; 
south side. while th-:: parent cloud was moving towllrd the south rsther 51owly, 
Apparently, the aircraft flew through the east side of Microburst 3 across 
Vortex 3. The aircraft .. las pushed from right to left. In Vortices Z and 
I, it encountered in succes!iion rapidly crnwging up- and dm;'l1f1t'I<.'s. 
Shortly befol:e the first groulld contact, the airCT:l.ft: enten,d Hiu'ohurst 
O. the oldest one Ivith vory stroHl'. outfJ.oVI Idncil>. It encountercd a Sl-kt 
tail\1ind and the main lanMng gi:\u!' conti'lctfc'd the ploH~':d fleld Ht 5S2,g' 
1,1[;1.. 
25 Analysis of Delta 19.1. DF'DI? re,'ldcnit 
c'lg. 2.9 A vertical cross section .3.11d <1 horizontal vic",' of tIle 
DL 191 microbul"st .~t 1806 eDT on August 2, 1985. '1'h1s microburst, 
approximate.l!! 16,000' (3.5 km or 1 .• 9 n.m.' .in diametel:, is cha;racteriz(?d 
by three major Vorti.ces 1, 2, and 3, 1>,lllch al'E~ surrotwd'ed by an older 
vortex encircling the.lVercll microourst. 
The spatial distribution of the computed wind~ strongly sugBcsts the 
existence of semi-ring vortices encircling the downflow rogion. Vortex 
3. being too clOS{l to the downflow center, .is suspected to have descended 
along with the do\Unf1O\~ shaft. This type of the vortex j s called the 
"descending vortex" in this book. In contrast> Vort.ices 1 and 2 arc cnl1ed 
the "stretching vortices" hecau$c they form near the ground inside t)w 
boundary layer Bnd spin lip as they stretch into larger ring vortices. 
lJL 191 flew 200' to ;·00' to the east of the center of ~1i c1'obul's t :5 (Sec 
Figs. 2.8 und 2.9). '.pproximate1y olle minute 1«t0r, All S:19 penotrated 
the micl"nbnl'st tit. 3,001:' MSL during it gO"Il1.'ound after the tlc:::ident. Tl10 
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Fig •. ?,lO JI l)ird's-eye vi(,:", of the DL 191 microlmrst .:It its ll'l,'it;ure~ 
f.!tage. Tilis painting vias completed lJY <'1 number of artists and 
r:on-artit.ts lX'is~!d on the lllltllOr' s pencil sketch of the p,:lrent cloud 
and induc(':3 microburst winds. 
ATe radar track revealed that the Ilil'c:o:-aft made a slight left turn and 
progressed through an arca almost entireiY outside of Microburst 3. During 
its fly over, AA 5:59 experienced an upflow above Vortex 2, but its go-around 
flight was uneventful. 
The age of this JUicrobur~;t has not been estimated accurately. However, 
it will take only 2.5 minutes for Ii 20 mls (66 fps or 39 kts) dmmflO\-/ 
at the center of Microburst 3 to descend from 10,000' AGL to ncar the ground. 
To detect rnicrobursts during thci. r descending stages, ground-based 
anemometers Ilre not adequate, ncccssi t.atJng the development of a terminal 
Doppler radar capable of detect.i.lIg automatically this type of wind 5hear 





Energy, Curvatur(~? and Comn1.artd 
Three-dimensional motions of an aircraft can be characterized by its energy. 
An attempt was made in this chapter to evaluate the variation of the total 
energy as functions of the engine power, environmental Kinds, etc. 
Other important parnnlcters related to flight path are radius of curvature 
in both horizontal and vertical planAs. 1~D additional curvatures. curvature 
of pi tch and ClIrV<l ture of hea.ding were defim,d and COfjlPtltcd. 
Both kinetic energy and potential cacrgy per llnH mass of aircraft \40:0:'0 
computed from 
\1'" 1-"2 "li: "Z~} 
"UlI:tlC energy ::: "it tx "" Y + (3.1) 
Potential energy - g (z ~ Z I.') (3.2) 
where ~, y, and ~ Hre three-component velocitie~ of th0 aircraft and. "-
and z 101 ar(~ the geomet.ric altitudes (I.1S!.) of the aircraft f.lccC'lcrometel'. 
In this cor~putation, ZI.'''' 56'7.1' MSL I1BS used. 
As expected, the total energy (kinetic energy + potential energy) increD~es 
when the engine pOHcr (Enf;il1c Pressure Ratio in Fig. 3.1) \·:a3 applied, 
The rate of increase was overshudo;.red by other paT<l!ne:ters such as upflmi 
and tailwind. 
Like B soaring bird gains its potential energy whil~ circling in an 
updraft, the rate of energy change peaks at A, F. H, mel J. Hhere tht: 
vertical winds in Fig. :'~.2 are positivo and 1118xinw, i\lthcilgh the Te!;pOn!H:S 
are slow, peaks in tho tailldnd at 0, E, and G result{"'i in small s 
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. __ ._--_._------
Fig. 3.1 Total energy per unit mass of the DL 191 airc:rat't. 
}Vig. 3.2 RfA te of- cb,mge i.1! the f;ot:aJ finer!'!!} in reI ,if: i 011 to 
lon~;.i. tIJd:lnt.!.l twa ,'artic, •. Z l"im2!:,. 
Three minims. 1. 2, find :5 of indicuted ain;peed are associ"ted with the 
rtl::>pective tailwind peales at 1805 CDT 29 sac l 37 seC's and 43 sec. Further 
investigations of those seven curves presented in Figs. :'i.X and 3.2 will 
be useful in understanding the nature of the chant'.,1s in the total qHH~r.gy 
of a.n aircraft in a microburst \'drw shea? 
3.2 Roll of Aircraft And Aileron Position 
During the microburst traverse, the roll angle of the aircraft varied. 
between -15" and +20 0 • The +20<> roll (right wing "down") occurred whei1 
the ALTF (Pressure Altitu.de,) Fine) reached a small peak at 1B05:36 sec. 
This increase in ALTF does not imply an increa!>o in the geometric alti tude. 
Instead, the distur~ed pressure in Fig. 3.3 shows n significant drop. 
13vidcntly. the aircraft flew through an extreI;loly lO(:2.l:ized lm"-pI'()$SUTC 
area. 
Under normal circumstanc:e~. the static tCNper'ilture incrt!lses during a 
descent tOlmrd the rUll\>IG.y. 'I'his tim~. hcmevex. the ::;tl~ tic tcmp~jt,1 ture 
bcg.;..n fn.l1ing itt 1805:11 $t~C Hhen the aircraft entered the r:;i..:]:.'obm:~;t. 
An examination of Fig. 3.4 suggests that the r(lllinn lllfltiOl"15 of thel 
aircraft wero caused by (1) the differontial lift forces Oll. the left ,md 
right \~ings i.nduced by an aircraft-sized ai1'£1o\'1 and (2) tiw command by 
the roll cOltrol wheel. Nwnb<?:rs 1 through 12 in the figure indicate the 
turning of the wheel. which clluscd the chLmges in the ~'.ilel'on p,)sition" 
There was u}.-pproxin!Btely 1/4 second tiille h,g bot'fwcn tl!i; POS! tions of the 
control wheel Bnd the ailer0ns. 
The respo"~e of the aircraft's roll angle occurred approximately 1 second 
after the ons()t of (~:H;h change in the aileron po!:,i tien. To assist :Ul an 
cnsy :l;'ol1ml1 up of the cause and effect rele.tionships of contr<Jl 
wheel-aileron-l'oll angle. c(lmmand and ,~ezpons" &ngles .;'1'';; .;;lu:d(';d <"ith light 
blue. 
A significant change in 1'011 angle at 1805:36 sec frOIl! tlMr Oil to +20 0 
\~I1S calls,~d by the environmental winds. bccIHIse the Di&nr~ of the uil,uro;) 
position Ilmd thbit of the roll s.ngle flrc opposite from each other. 
Apparently. the cOHtrol Ii/heel \'i3.S rotated in an nttempt t.o re;duc(;: the 
oxcessive roll of tho nin::raft caused by the ,dnd. This subj>.~c:.t will b'.o; 
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PI'('!.wure al titude and p:r:essure d.isturbBinces ca.USGiQ by tho 
Disturbed pres~lIre WlW cO;J)putt"!d along tl,e fli.gilt path. 










A curved flight path in a verticd plane: is characterized by the vertical 
curvature, 
(3.1) 
wherfl CV~~ denotes the curv~ture in vertical plane. Rvu its rsdius of 
curvatu:re~ 11 zhe vertical path angle shown in Fi:.;. 3.5, and S the length 
along the pat.h. 
Heplacing , in Eq. (3.1) by €i. \1e define the "curvature of pitch" by 
(3.2) 
The vertical CUl""llat.urc of path is closely x'elated to the variation of 
vertical wind!:! (See 1 ~ 2. 3, ....... , 9 in Figs. 3.6 and 3.7). On tho other 
hand. the ('.urvnturc of pitch is controlled by the pitch control column 
which alters the stabilizer position. and ultimately, the pitch angle. 
'-------_._._-_., 
"fJ, VERTICAL PATH ANGLE 
I 
In,~r. 3.5 Defini.ti.o" of v€lX'tic£d C".llV·.'!!tu-,(? ana Cl1rvllturo of pitcll. 
Dotll "wd pcll1!>tl1geH'::;; tti.U. S'co'nse ViH~t.ic",l curvature vJllil f! in 
t;!w,i 1: t;"'~l tiS. 
/ 
I 
EnCl:gy I curvature I and col1'Cf'..::md :3 2 
-------.-------.--.... ~-.--.-.-.... --" . --
PETCH CONTROL COLUUN 
1"i q. J. 7 Pi t:c!J control "chJelted by DX, 191 pilots during the mic1.·obuX'si; 
penotrflt.ion. 
:3:3 Energy I curvature'l and COliiJ'/land 
3.4 Horizontal Curvature and COmlrliind of Heading 
_._----------,-----,--_.-------------"-
A curved flight path in a hori~ontal plane is characterized by the 
horizontal curveture expressed by 
CI'IOR"' .2 .... L and RHOR ::-: 1 ICHOR I) S (3.3) 
where CHOR and :,:011 are, respectively, the horizontal curvature of path and 
the radius of curvature (turning radius). 
Replacing ~ by 0/. \Ve define the curvature of the heading as 
(3.4) 
In spite of an uttempt to relate the horizontal curvature with cross~Jnd, 
curvature of heading, rUdder pedal position, and rudd(CT positi";m, no 
conclusive relationship is seen in Figs. 3.9 and 3.10. 
DEFINITION OF CURW\TURES 
(In Horizontal Plane) 
I ~, I1Cf~lZONrAL P,L\TH ,~NGLE 
'" !.;.2. HOF?/ZONT/L CURVlrr/jRE Of PATH dS, 
Fig. J.8 Dc'fin,ition oJ:' hOl·.i:"()!lt,~,l C'u,t'Vatu:n' ot" lJf.:.tiJ and CIITvaturc-
of heading. It: is expl'!ctod that: pi.lot,,; seJ)se the l1oriz:"nt:al curVlt:IJ.r-e 
of path and attempt to C()!';it[tclnd hea.ding changes vhcnc'fcr necci.~I.s'Etr~)~ 
Crossldnd.s 1"il1 induce .:r;,i.dus,lip and ho:,':~z(JlltaJ CtU'VDtUI'C, 
Energy, cU.rvv:ture I imd cort'il1l11nd :34 
I 
Fig. 3.10 Rl!dclCr pedal anci rudder potdt.io.rl:': from DF'PH r<:'i,dout. This 
ditJ.(Jram, along w.ith F.iq. 3.9 8ho1l1d be stucl.icd b!1 analysts. 
t~hen Del ta 191 approached the centrnl l-ogioll of the miCr07;'Ul'st. th,~ 
downflow speed kept increasing (See Fig. 2.8) until the 1l1.a.:xhmm 'falue of 
13.9 ro/s (26 kts or 44 fps) tIM reached at 1805:34.7 CDT. 1.5 sec later. 
the ai:t'craft traversed through a ring vortex which \4&tS descendin!t on the 
south side of the ll1.icroburst shaft. 
l?i!T.. 4.1 flillds .in the V',:;;'i:tical It.nd horizonti,~_t in r4)J("';,;,t iOll 
to tlw p,~th of Dclt<'! 19.1. The <2 irc:t:<-lft Ii"JllHtY.:,tt'd Vort,:,"( :f (,"I, 
d~Jscf;'J'ldinq \!o.rtex) .in an obJiq'1e smq.l&. 
, ' 
, ' 
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191" ElllcJ.);"'~ .. !n'zn~nt: of a;DV.i..e f:x:am6?S t;.:~j'::(~.rJ ,~t: (jlJ f'ri)J["ocz i;t3:l." SE'A."':'O!4'd ~'i(: 
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}'ig. 4.3 It tiliNE! se~rtlel'lCeo:f tIw Ot't?Ilts l'lhich took place du:r:i.ng 





the travers,". apprmdmntely 100' holm" the vort(~x center. the 
pressure fell 4.09 mh (+1.78 to -2.31 mb) first. then rOSfJ 4.75 
to +2.44) in ,lbout .:; sec, Estili12.ted ditulietcr of the vorte" is 
m) appl'oximately :3 times the wing span of the aircraft, 
Figure 4.2 shows vertical views of a descending vortex. It is seen that 
the vortex j 5 very close to tIle dOlmflow center and is not symmetric, 
charactr::7.'i zed by a V()1"t,))f. on the right: sid,). Hilde Ii ttl'" or no 
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Fig. 4.4 .11 sclu,;pc.tic ptdnting of an a.ij.'CJ:/~ft flying n",,,,r the c(mter 
of a. descrmd.ing vartw'(. An o1l1ique tXc''1verse ai' II vori:ex could l.'esul t; 
in large diffeumtia.Z do;,o'11£1 0 \." spt~eds bc:t~:Teefl tlw tips of the left 
and right wings. This il1u.'1t;r,~t.ioll lif<'VS f", ... inted by Mrs. ~·oshik.o Ara.i. 
Duri ng the traverse of the VOc'tex in an oblique angl(!. the right l~il1g 
was in fA dO~lTIf1ow stronger thlm that of thE: left wing. resulting in a 
positive roll moment which lasted abcut I} sec (1805:33 to 37). The roll 
angle increased by 26" (_6 0 to + 20°) ~/hi ch 1<1/).5 cort'cc.ted by tA cor;,1nand 
of the aileron. Thus the positive roll rate caused by the vort.;}.: winds 
was counteracted by the control wheel (See Fig. 4.3). 
A schematic pa.inting in Fig. 4.4 shews an a.ircraft fl.dng through n 
descending vortex. The size of the vortex is 1.l.pproximately three times 
the wing span of th;:! pen(~tratill£~ aircra.ft. Depending upon the angle' of 
traverse, an aircraft will receive a large roll moment as well as R lateral 
acc{dera tion. 
4.2 Penetration of T\'iO Stretchi Vortices 
After completing the traverse through the descending vortex, two more 
vortices were waiting ~;.hen.d of i'he Ddta 191 aircraft. Figures 4.5 Imd 
4.6 pn~sent the flight pa.ths p1'ojecteci on both horiz.ontd and vlll'ticrd 
planes. ApparentlYt tl10se nrc the stretching vortices p encircling tile 
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Fig. 4.5 Windl'ieUis of Vortex 2 {,'hen Delta 191 pr;>Twtn:rted bet:ueon 
39 ilild 46 sec past 18(':; CD'l'. Tilis figm:(.! com;imwB to the r.irrht·-lumd 
page. 
The aircraft penetrated Vortex 2 at a right anglo (See Fig. 4.5). 
t~xperiencing a 34~kt downnol~/tlJ.ilwind fh'st, follmlod by <0. 40-kt 
upflow/taihlind. Unllke the Vorte:, 3 rv;netration, the l1irClaft altitude 





the obliquc-angL! traverse of Vortex 3. both 
by differential dONTiflo\{ speeds.. The roU 
pr:Jctically unchanged and tlw roll control 
much durillg the d' VorteK 2 (Sf,;'.'; 
,,,ing tips "Jere llot 
e of the a i r'!l"aft 
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Specific ewmts cxper.icnced 40 
--~---, 
r'ig. 4.6 Windi'ields of' Vortex 1 t'lln.1ll Delt.!!. 19.! penetrated bet:!'fean 
47 and 52 sec past lBOfi eDT. 7'he £in;t cm,t<'lct o"';;:~'x-:i'ec1 llt lOOS!!)]. 
The second stretching, vortex, Vortex 1 \flaS penetrated ;ot a right angle 
(See Fig. 4.6). During the approach phase. the aircraft encrlUntf:H~d I.':. 
downflow/tailwind of 50 kts. On the other side of tow 'Vortex cC:lntcl", the 
upflol'l/taihlind was as strong as 47 kt5. The disturbed pn)55Ure at the 
,flight level fell only 1.43 (,·1.04 to -0.39 mb) and rose L20 mb (-0.39 
to +0.81 !lib), because th,;y aircraft nltittlde vms approximately 700' belOt,' 
the center of the vortex (See Fig. 3.;5). Had th~) pelletrathm ultitmb 
been much closeT to that of the vortex center, the drop and rise \'ioulcl 
have been significantly larger. 
At 1805:50. the airCI'~lft fIe" out of 1'<)11 Vortex 1 zmd entered the, on 










4.3 Fir~t and Second Contacts 
._------,--_.-...... 
The tailwind dec:t'easod somewhat after penetra.ting Vortex 1 (See Fi.~~. 
4.6). Ther.eafter. the t.aUwind increu!Oed again reaching its peak speed 
of 52 kts at 1805:51.7 sec. A fOI'1 tenths of a second later at 1805:52. 
the aircraft made the first contact on a dirt field with the landing gear 
(See Fig. 4.8). 
Figure 4.7 reveals that the elevation of the first contact is 552.8' 
MSL at the location where the ground surface slopes up tm'lard the south. 
At 1805:52.6, the landing gear left the ground in a 44-k\: t.aihlind. From 
1805:53.5 to 54.6 sec, the main landing gear mad::; contv,(:t Hith tall grass 
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l".i~'l" 4.7 'I'lw t.i.re tracks of tl1<'1 fLrtit wIld seccm(i contact.s 
stlp''::1riIJlltOsed upon an l~el'.i<9.1 pJ:lOtogr,7ii.:'h ,~Jld contour l::no:,; dt one root 
int<ll·v,'<.l. [joth:ll' ,2nd !J sClllos in tho pl.~n vjl)~' are lit 100 ft i.nt(J1"vcd, 





















Fig. 4.8 The tin) tracks ot." the first contac:t, photog':l<"lphEcd looking 
southeast from a low-flying helicopter (left). The rigbt-hi!!nd 
photogr.5lptl i.s it ground view of the tracks ot" the left-side w..c?in go.!]!". 
Pictures in Figs. 4.8 through 4.12 ~/ere taken by tlHE Pelt<:> lIirlines' 
on JI,ugtlst 3, 1985 during the post-accident .investig."{t.i(m. 
F:ig. 4.9 A l!usJli·~vert,i.c,'d, iI',iehr of tile First lwd tbe second C('ll:lt.:,:u:t 
lJI.:t:C2!f:1 (,l(.JJ't) ClIld im .(!n~,~r~!ud, of)liqtw v.iel';' ~)f tile second contact tire 






















43 Spec.if'lc events l~xpe}d("}ncea 
4.4 Third and Fourth Contacts 
-----,-----.;.. .... _-----,-
The aircraft reached Highway 114 approximately 3.6 sec after the first 
contact. Tttlo tire trucks of th~ main landing gear and one track of the 
nose gear were left 011 the (Sec) Fig. 4.11). While on the paver,,!mt. 
the aircrnft' s yU\~ angle ~las 4" to,-lal'd the left. A car on the highway 
was hit by the left engine and five (5) light polos along the highway Dud 
the se,'vice road were downed. However. one light pole along the servico 
l'o::.d was not darllaged becfl,u.se the right \dng p£\ssed over tho pole. The 
left engine cut a large gouge on the south side of the service road. Frorl'l 
that point on, the aircraft moved into a grass field <md skidded toward 
the two water tanks. 
MSL 
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c'ig. 4.10 'fixe trncJ.:.s of' tile third COl'lt()ct "J1ld tIw groul1t¥ 11UU'ks 
of.' i.he [ourth contact. P;dntcd !":ql.uu·m; a..1.ong tha 1l.i9',h14ay C:U"O light: 
fll'lTrvfl.ged 111) f:/w ';i,ircl."lli't. UIlI::lam£'l0't:'d pol€"s t,ll"f) ",lAmm by srr:.,;.d.1 
operl ~;q!'Ulrol1 e 'l'}"H1 vext,ictl1 [ic·ale ot' f:lJe top diilSH~,~m il"?: ('Ix<'3.gg01:& t<i"d 
1 0 tJ..nh:?t~ \0 
/'f 
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Fig. 4.11 An derial Vi01" of trw thixd .:md tIw .fou:f'tll contact ,!1re,1l! 
pbot.o~rraplu:d looking tOlolcll':d the di rectic:l CJf' the a:il.'crJ.ll.ft motion (left). 
An e1l1lu:gement: oE the left photogra.pll, silowing tht.~ t.ire t;racJu3 of 
botil i<ulin and nose gt",,"lt: (right). 
l;'i g. 4 • 12 1''1. 
n& it C'o.nt,~ct("d 
in tho l<?ft 
gnnmd v.f.e~f 
the grotmd 
.~eEt: rllail'l .land.i.ng gea.;:·, 
of the 
(le.ft) • 
9"Ot~9'e c~us(:;.d by tt ~ l(J[f.; engir;o 
,1Xl tH'ria1. vii)"" of i.1H' ~;;'Cmgi9 i.I.:cc~ 
gougt$ .is tl1t.~ trlH;·k o.f th~9 
fiougo JUL:e to t!)e r:.ight: of t;1J(;~ 
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The ac:c;'d~nt aircr.aft was in the microbuTst area fOJ: only one to two 
minutes. In order to cletermine the variation of the ll1icl'oburst wind shear 
for Ii much longer Fc)l~iod of thi1eJ. it is neC(1SSI!.l"Y t .. ') analyze the data from 
other ai'tcraft that eitr.ol' landed ox' o.ttertlpted to land before and <tHer 
DL 191. 
ATC ~'Ilclal' p'Jsitiol'ls of thn SCWJll ni:n:ynft Hste(~ i,n 'tmblc 5.1 t~crc, obtained 
flt'ol'Jl the FA.A. The radin' dau. inchldt~ the depiction tirl:e to the nettl:'est 
second f01' 10 or 11 ~,.,,: intervals. :radar ordirm te (i{) r.nd ~':b~;c isOla (X) 
of aircreft to the neal'clit 1/16 r~s,utie<~l milo, !md pressure illtittld~H' to 
the nearest 100 fe,~t. An x-t ditJg,rllrn ill S.l was constructed fH}!i\ 
th~se radar data. 
Iiy using thl'J I'lL ""::::;;::!:~~,:!~~'$ (x.y) and th(l ATC radar <:;t)ordinates (i. Y'). 
the truil'l St;,ptl.mtiofl of blO 'drcraft 1 and 2 csn b", tll<:pn!sse-d by 
R !!t 
ih .. (x,,-x,) 1, (Yll -Y. ) r,,,n 1i'L coordi.nates (5.1) 
- ... - 11- ,~ '7'':£ I), .. (Yll-'t, f '~ (X2 -x d on ATC TZlda't' coordinates (5.2) 
Whe'l'E) Or is the truC) sl1l'pa:naion dhtli.l'l.ce. Since an x;..t ditlgl"a,1ll docs not 
include both " 1.':11dy ~~ht!!,nct~s. airel'aft s13parations in Fig. 5.1 (blue 
uu:mbel"s) G,re separatj on!.. Dj( ,.hiel! is COi1!puted fr::.~m 
III 
Ox .. (itj!-Xl) on 171. \':o()rdinDt\~!':. (5.3) 
DIt "" "~V! -YI )'J. on ATe I'll.dnY' c{)o').'dinetes (5.4) 
which Bro smaller than th~ true separatiun, when two aircraft deviate from 
th,", centwrlim, ~; Iy, h'ith th(~ help of thl,;) x-I: diggrv.r,l. [I. nmnbcT 
of events aircr&ft will be discussed. 
I 
\ 
Va. tll .from other al rcrai't 46 
-----_._._-------_._---
Tab.Ie S.l Outer-mc.'rker cross.in,,! t;ir.le (WM Tir.u: .. ) and 
17L threshold-·c:t:ossinq dill,? (l.7D 2'.i:1'Ic) of tl1tl seven 
aircra.ft discussed in this c/1;lpter. 
Aircraft Type L0r."j T~,~ne I7L Time Remarks 
-----------------.----.---.~.-- .--~----. 
Delta 963 B-737 1759:41 1801:48 Landed 
Delta 1061 8-737 1800:38 IH02:46 Landed 
American 351 B-727 1801 :46 1803:45 Landed 
N715.1F Lear Je~ 1803:20 1805: 18 Landed 
Delta 191 1.-1011 1804: 19 """~ -_ ......... - Accident 
Ameri<:an 539 MD-80 1806: 17 1807:53 Go-around 
Delta 557 B-727 1807:53 1809:41 Gl'>··around 
------
l"ig. 5.1 I'ositions of the ~WV'?Kl ,.l.ircraft in :/'",1.1.1.0 5 •. ~ 
IU"I functions of time ,"llieb iw::reliH,:'s f';;Ofil leD:: (1759 CO'!'; to J:".igllt: 
(1810 CD:r;. 'I'he vert.ica.l fJca.lr~ si";O«'TJ 011 the left is til", distcUlce 
(x) f:() tlJO c,!pprolic,'1 ond iJ[ RU!l;,'?IY 171:' and the on(;' em tllB right c":'T!(Jtes 
tile A:l'C £!:;;r].,H' or.dinato (i) ~lf;i.ch im,:n',I!'w:Z tOvfard the J1oYtfl. 
C(x,rd;lf'JJ?,'i.;()S of' [))7J'I ~1'i1 y/ ~Ii! 4?1 4- 6/~{E.; H .. m. 2U1d ~~ :::: 215 ,,; 4/j6 
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Fig. 5.2 Two-dimensional positions of tllfJ five a.ire.raft on tile 
x-y coordinates of each aircraft. Respective coordinates v,€!r~ shLfted 
according to the t.i.me of WN passage. .Blue lines denete CO'1tOtll" lines 
of the ilircI'aft altitudes in l!Te ~'<ldc"'r reports. 
5.1 Delta 963 (8-737) 
-~----«~-'------' 
On the day of the accident, August 2, 1985 Captain J.A. Coughlin of Delta 
FLT 963 reported his experience during the final approach. Ilis aircraft 
was cleared for a visual apprcBch to 17L. 
Abollt one to two miles outsidfJ of thl! LOM, he obserl/cd a bowl-'shapcd 
cloud hanging from under the overcast. Shortly, thereafter, the aircraft 
flew under the bowl-shaped cloud just prior to the LOM .. encountering abrupt 
heavy rain and lost si.ght of the approachinp, TUliWilY for a feh' seconds. 
ATe radar locations of his aircraft indicate that DL 96:5 )lHsscd the LOH 
al 1759:41 CDT. l\t that time his aircraft. Has located on the north <:dge 
of Echo "2" in Fig. 1.9. 
The night path hetl.;een the LOI·l 1).'1J the III threshold \i~l:, heneath Ecr:o 
"2" during which he saw cloud-to-grclUr:d lightning st1·ik(;;; on both sides 
of his aircraft. Bet~Jeen L0M to totlchdOl,m, he had a dif;:icult timt, in 
keeping the airspeed from increasine. 
':, ' 
While he was holding the aircraft, after landing, ShOTt of 17K, the fiTst 
off icer sa," a wa terspout-li ke, dark column.. separating tHO sil vi~ry ar~llS 
of 1'8.in. Captain Coughlin stated "1 nO~l believe that I StJ.W the into!1~q) 
rain U;at could have been associated \.Ii th n clownburst". 
After a go-around. this aircraft [1o\>, close to the shower located jus":: 
to the C3.st of the LOM. The ATC .l.'adar time of the LOM p:?wsa.ge WHS 1800: 38. 
The aircraft encc.mtered some rain just inside the outer marl:cr, but it 
was of short duration and "out of the blilC". From the LOM to the 17L 
tOllchdo,m at 1802: 46. both approach and touchdOl.'H were ,lox-mal 1t'1 th no 






rig. 5.3 FDR records show.i.))g tile f.inal approach ,"ind tct1chdcmn of 
Del ta 1061 Id).iell l;as the f;hird aircraft: in fX'ont o~ Dol t .. l .l91. 
,~ppareJ1tly. this aircI<lft was not i'1 .. f.fectf':c hy wind slJear. 
nadar pictures in Fig. 1.9 shtw that Echo "1" Hns lc':atert to tlw c:nst 
of the LOI,! during the final appro:,ch of DL 1061. Echo "2" ·."as centered 
just to the e"st of the 17L glidcslopc. The fact tlv.:.t DL 1061 did liot 
encounter h<e;;.vy 1'il1n \vhile flying through this echo i!11plies th::!t a cor~ 
of hea.vy rain has not yet descended to the gUdes:1are hei!.rht during nn~1J. 
approach (between 1300:38 and IHU2:46). 
" 
49 Data frol.? other il.ircl'aft 
What did SEP radar see over the gUdeslope? The SEP radar is loc.Gted 
15 n.m. southwest of DFt"\! airport. Its elevation (1350 1 ) is approxill:'J;,tely 
750' higher than the rumwy elevation (56(')1). The radar horizon Ilt the 
17L approach area is 115 high as 5,840' J\GL. In other words. the SE£' radar 
does not detect rain below approximately 6000' AGL. 
The top of the 2° beam \<lith 004° clc-vHtiofl angle reaches 17.070~ AGL. 
indicating that what the 5E? radar detected was the precipitation inside 
the pink section of the thunderstorm in Fig. 5.4. Theoretically, a radar 
will detect some rain outside the half-power beam width. 
The bowl-shaped precipitation hase penetrated by DL 963 lIt 1759:30 \.;&s. 
probably. the first indication of the rain descending to the glideslope. 
About one minute later at HlOO:50. DL 1061 encountered SOl'll, rain. suggesting 
that the base of the precipitation remained practically at the same height. 
Field of ViE~W of the SErfP Had~u' 
A~~·-' 




Fig. 5.4 The section of the DFW thlmderst:ol'm aets·eted by the Sl,:? 
r.,~dar at 0.4" el(3v,~t:i.on imgle. llGL heigbts I~·er,~ c'()mpuU'Jd \.ii:l: Ci 
st:rtd.g}Jt-line IJropafmtio)l in tho llot swy,mer a.fternoon ,"He? 6378 }\:x1I 
rad.r us o[ tlw ea.rth. 
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Ana!ysis of the FDR records a.lonr~ "lith ttw statement of Captain Boo H:mel 
and First Officer Pat Davis reveals that AA 351 experienced a 22-kt los!> 
of lAS from 174 to 152 lets in 20 sl":e be'i::,icen 1801: 10 and HiDl ::~O :in helH'Y 
rain. \/hen it occurred. thfl aircnift W;.Hi h)cated 1 n.T.!. n,·lrth. of the LOH. 
l!q,ar the) northern edge of Echo "211 (Se~ 1800 CDT rndnr 'photo in Fig. 1.9). 
Thereafter, heavy rain continued until 600' AGL at 1803:00 COT. 
It is evident that the core Clf heavy rain d,::')scended to the gJ ideslopc 
height within only one illinute between the flights of DL 1061 and M 35L 
In spite of the heavy rain experienced. the FDR records of AA 351 in Fig. 
5.S shows practically no sign of wind shear on the glidcslope hetween LOM 
and I'lL. That is to 5':.1. t;~e heavy rain (1802-0;1, CDT) was. not accompanied 





Fig. 5.5 l?J)R re{':orc1s oE All 151. note a 2;~~}:t it;;.'n; of IAS sllore.ly 
bC'1/!ore !:cNJ,clllng tb~E1 [,oJ>!" but tllm:e '".'S p'.eactica.1.1!J no I'i'.i;ul ,she:.,;}!" I!lftel~ 
tnt:' lAlN pt!s.<;:age. 
5.4 N71!5JF 
The ATe radar fix of the Loar .Tet posi tirms l:'tW(!1l1i.; thfit i.ts prl:':s:;ure 
altitude dropped 500! (1600 1 to 1100') in 10 3cconlb (bChCC(ll1 1804:27 tmd 
1804:37). Pilot Rufu3 L€'lqj,$ of the Lear J(;,t thllt t.he L).irc:raft 
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height decreased from 1 dot "high" to 1 1/2 dot "low". He tqUS not able 
to attribute these losses it! speed and height to his power setting. He 
applied power to regain the lSO-kt airspeed and retained a /thot/high" 
approach at 150 kts. 
Rain became extremely h\;)~wy lIt 1 n.m inside the LOM (1804:58) at l800 i 
and the aircraft broke out of rain ] 1/2 n.m. from runway. The position 
of the aircraft when the losses occurred was only 0.2 n.m. nort.heast of 
the microburst center. penetntted by DL 191 only 1 mill 5 sec later. The 
author suspect!:; that. the Lear Jet unknowingly flew through the head secticn 
of II. descending microburst shaft which will be discussed in Chapter Six. 
The SOO-ft drop ~!as not. serious for the Lear Jet, because its initial 
altitude lfllS 1600t~fSL or 1000' AGL. Should a similal' event occur at much 
lower altitude. an aircraft could experience difficulties in flying out 
of the combined sheilI' of dowmJind and tai h~ind. 
5.5 American 539 (~ID-SO) 
M 539 \qas approximately 6 n.m. behind DI. 191 (See Figs. 5.1 ana 5.2). 
Captain Fra.nk Becker. pilot in command. maintained 11 visual contact on 
DL 191 until it went into a rainshower. Before entering the shower, First 
Offj Ci;r R.C. Dobson heard "Delta go··around". Ai\ 539 was also instructed 
------,--_._------_ .. _---"--------"--_._----,-.. 
Ail' 'j''emj){'l's€ur@ .,.-/'-----
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Datil from other fI.ircraft 52 
to go-around. It penetrated the fringe of the cellon the missed approach. 
experiencing a strong buffet awl heavy rain. The airc!'aft turned right 
to exit the cell. As it came OU~;, the first officer S,H~ many pieces of 
debris passing by the cockpi t window (for DFDR readout. ref<.:r to Fig. 5.6) •.. 
Captuin Robert Groves of lJL 55? continued inbound after LOM and cxectlt:('G 
a published missed approach when instructed by tower. The aircraft fle\" 
through a cloud which was greenish, very dense with moderate turbuleuce 
and exited the cloud over the approach end of 17L at 2.900' MSL at 1809:41 
COT (Cor FOR reu(:out. refer to Fig. 5." and the Elircrai:t locr..tian, to Fig. 
5.2). 
I'"ig. 5.7 FDR lsadout fro.7! Dr, 557 [;IlO~/inq cl strong ~liJ1d sl1~a:t 
experiencf~d duri.ng t:lw TtIiCZ'oln,ll"st o,rcrfligilt. .its IllS ;incr.ea!wd 39 
kts (145 to 184 Jets) .in 11 sec [ollm!ed by a 28-kt: <7:t:'op to 156 ktz 
i.n 1,1 sec. 
5.7 Descent and ion of Microburst 
Anfl,lYS0S of the f1 ight rc:corder data from the :J('\ren "irc:raft n:veu led 
that the DL 191 microburst descended very rapidly to tIle g.l5.,.\cslopc. As 
prcscnt{~d in FIg. 5.0, the micrOOllrst (;xpullded into a d:.ll:::t,rcu<; l!iml-shL,t\r 















Fig. 5.8 t.:::d,,!:nl.."'ltic c.r:OtU; .~f:"<7t.i.()n of thf! Dr.. 191 m.i::;r:oi)llI'l.rt l.Jt tIl1't:uJ 
diffl.!·nmt t.tml!!s. Shf..liri'l <u'e penc'tratiol;.s .by tlll':' L.c21l:' ,Jet /. t pre-conta.ct 
stcxye I by DL J 91 tva :;.'.l-1nutoD ~l[tor tI.H~~ ~;(ct:nd c;.~on t:.;?c:t (J_f tll(~ miC'}.'c)j;;:JXst 
and by A"! 539 .four m.1.r,·,ltes a.fb,H:' tIw 9.1'ClWld contact, 
---------------------------
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JEXplUlsion of :Mici'obul'st 
laOS-WHenT AUG 2, HH:15 
Fig. 5. 9 l:>'stlm.~ted boundary of the DL 191 microot/!'st ill 1Ft'z:tical 
alld nr)Z'izontal planes. Five LV.1/lS a.rwmomet~!r!;; silOim ~/l.t11 r"d sta:rs 
inc1ict~t(' tiUl'C the microburst ["ront passed over tl,;t",.o'e anemometers at 
lEJ06(fU!jr UI08{mJ), tmd )[JI0(Cente:diel.:l). 
IlL 191 microburst was 11 'I-Jet micrcbuTst f,!cco:npanieci"1by heavy rain and 
thunder. 'remrey'uttlre inside the storm was apprOXlmately SoC (l.4°F) ct)ldcI' 
than its environment near tile ground CDL 191 measurement) and 12"C (21"F) 
colder fit ::; ,000 I /'ISL (AA S39 measuremont). One minute isochrones of the 
microhtlr:;t boundary in Fig, 5.9. superimpo3P:d upon an aerial photograph. 
cast a rensonable doubt upon the c&.p:,bi Lt ty of det0cti ng miCiGbul'sts, such 
















Laboratory IModd and J~/'[ic:roburst nett:~ctiol'1 
Although we have B cOilcctlon of pictures showing microbursts in action. 
it is di,fficult, if not impossible, to pho'wgraph their lifo cy,;:les from 
birth to dissipation. B~~c!l.use of repeatability, I.l. l1:,boratory model will 
help in understanding the evolution of microburst winds. 
As shown in Fig. 6.1. the Univer~ity of Chicago model consists of 1'IUfflCrOU5 
dry-ice plumes rising from hcles Oil a circular plate and a plastic (:yUnder 
aloft. A sh<!ft of deso:.:ending ail' is created by an impulsive current of 
air which enters into th", plastic cylinder. A compressor to generate the 
impulsive current is seen in th~ b?ckground near the right wall. The plastic 
cylinder is able to trwlel either left to right or r.ight to left /:l,bovc 
the dry-ice plumes at (l. l:'l"t~det"l'mHj()d height. 
!:'ig. 6.1 11 microburst-getl€:"cating m,~C'''JinA at the univers,t.ty 0.[ Chicli.90 
designed by Fuji t<l. ~~his mc~ch.i,IW I,~'!", COflstn.!cted in]: t;:a1.1 y to gem::riite 
.Zc]bor,,'ltoT.'!)-n!":Jdel tornadoe!~. After F'uIita'.f] idelltif,ication of tlw-
cowni:ltl:t:st, the FfiACh.illL~ t'hl1£:> modi£.ied foX' g,~ner,!!ting,;JtJl;:;ed dOI·/nf'1ol':::: 
which .inouce microbur.st·A.LU£1iJ ~,'ind .,,'!ledrs t1hicfJ arc: h':ll,Hli} v.i.sib..!e D!} 





































LilL'1o;r,:lf:ory m()rlel and mi.cIoburst detection 56 
----,-----------,--_. __ .,_ .... -.. _ ..... _ ....... ".,-,.,-,._-------
Fig. 6.2 Vertic{l1. ChOSS l;;ection O.r. f.l mic1:oJ:mX'st 111 various st",s;ros 
g~meri1 ted by the UIlivm:,si t!] of' ChiCago 1ll,~ClJillO. A and lJ, descending 
st,IfJel C, nei.itJ: cont.lct sta.ge; v, contact iilnd spreadtng stage, llna 
E, stretching vortex stage. 
In photographing the simultlted microburst Shllft in Fig. 6.2, the descending 
air l~as made visible by the dTy-ice ~,mokl~ inside the plnstic cylinder. 
l'then the head sel',tJi on of the microbtl1'st shaft descends. a ring vortex 
encircling the IHl~)d section appears. Upon contacting the !mrfncc. outflm, 
winds expand rapidly along with a vortex ~ing encircling the Dutflow. 
Oblique, vi.e~J8 of n simulated micrODuTst in various stages \ten~ photographed 
by descending a pulsed downfIo~1 tO~lal'd, the surface of rising plumes. 
Although the time sequence of the events takes very fast, 011 plumes 
rellluin tmclisturbcd until H mC/ment before the r,round contact of the hend. 
Upon coniBct, tho n:<11111 flQW shoots out in a st£ll'burst pattern followed 







































Fig', 6. J Qbliqu(l! ViCH'fS of <it lll.ic:robul'lrt in 
D, I1fJSClOnding stlt. 9'& I C, nffl'Jr ccmt.:act st;<lge; 
B, stretc:hillg' vOlCteJX f'ltiltglJ'. 
Volle iOI1,s ste/ges. II ,md 
Dp cont<''lct star/e, and 
Qui.tt' often. several vortex dngs form one after another near the l"ottom 
of the> microbm:':;t shaft: .mel deseend with it. They are: tlH! "desecnding 
vortices" (red). Almost :i.mm(,diate!y after the ground contnct, v(nt(~x D 
forms near the !:lUrf1tCe ::ll1d This is thl! "stretching vortex" (blue) 
(Sc~ Fig. 6.4). It should be noted tlw.t Delta 191 I.H;netrz.tcd through n 
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Since the author identifi~1d the dcwnburst (micrtrburst .md macT()burst) 
as being the localized wind-uheal" !;y~;tcm thilt end~ngers aircraft duri.ng 
the takeoff Dnd landing operations, various U.S. Government agencies provided 
funds :or the followil1S fact-finding field projects. In support of the 
Doppler radar l1Ieasurements t both ground-based weather stations H.nd aircr~ft 
were used. 
The first project for detecting downbuTsts was t.he NIMROD 
Illinois Meteorological Research on'Downburst) Project in 1978 
by the University of Chicago in tht~ west::rn :mbul'bs of Chi,cago. 
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The second and much 1 ... rger pro jec.t called ,TA\~S (Joint Ai rport \'/ea ther 
Studies) wat> operated by NCAR (Nationr,l Ccnter for Atmospheric Rcsc.strch) 
end the Uni ve:rsi ty of Chicago in 1913:1. in the northern !"l.lburb~; of Denver, 
Coloudo. 01'1.0 Doppler radar was placed inside Sta.pletoJl Interno.tional 
Airpcrt. 
for testing automated detection of micToburst by Duppler radars. FAA 
and l.incoln Laboratory openlted the FLOWS Network in 19M at Memphi~, 
Tennessee. A neh'ork Illap in Fig,. 6,5 sh()ws that t~iO Doppler radars are 
cll.pnhle of ~;c.mning the Memphis Airport ~Tea from the distal1'.:e of )'0 to 
20 km. 
A unique 111flteorological field exp<:riment consisting of three scpargte 
experiments is being planned fer n full-scale operation in June and July, 
1986 in the Huntsville. Alab~ma area. The proposed C0l!14EX (COoperati'.'c 
!!untsville .~eteor!)logica 1 .EXperil.:1cnt) wi 11 be sponsoT!:'d by Nt,SA-(Na tiorw.l 
Aeronautics I1nd Space Administration), NSF (National Science Foundlltiol"j, 
FAA (Federal Aviation Administration). and NOfo.A (National Oceanic and 
. Atmospheric Administration). The three-·component experiments und~~r COlli-lEX 
are MIST. F1.OI'I5. and SPACE. 
~:h(:! [?It:t.4S neth{\(),rJ~ 
ttd.1:::i(.1:~ t} net:t>ori:. 
',d. 
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j'jg'. 6.7 A strong vortex (stretcl1ing 'i)'ortex j with a horizom:li,l 
dY'is located along tlJt.l leading edge of ,lll act,ive micro})ur:c;t. An attempt 
will be made to detect bll Dopplezo radars tllis type oo( vorticC's .in 
their descending ana scrotching stdges. 
The MIST Project (NSF and NOAA) vliU fo;:;us on th~ ·'jut:; coUcCU.()':1 of: 
microbul'sts from their midr-ir stage to outburst stage. lihUe the FLOl'iS 
Project (FAA-Linc.oln Lab) will test the auto.llated methods of niC:l'obul'st:; 
and other win,!-s!1ea:" systems for inunc'liate applicatio:ls to air sa.fet)'" 
The SPACE Project (NAS/\.) will focus in a much bro",cier sc<l1e in vihich ;).11 
types of clouds form. develop, rain out and/or Hind out and dis~.ipate. 
In addition to the ground-based 
altitude U-2, middle altitude P-3, 
will be utilized. Meanwhile. the 
take frequent pictures of clouds over 
:.:adars and w&:a the:r in:~t;.ulllents. high 
penetTRting 'f.28, and othOl' Il.i:rcrnft 
guostationary weather satellite will 
a broader area. 
This uniquD experiment will provide us with a wealth of data for revc81ing 
the structure of microbursts. including hoth descend,ing and stretchIng 
vortices. Furthermore, the parent ('10U(~S of microbursts 11ill be i(len:iri.::d 
and monitored by the SPACE l'~et\~ork so as to sin[!le our, n h'ind··;:;h\;rn:' SpaHl1ll:e 
cloud as early as possible. 
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8mnmary t~nd ("·ll1cl·'C'~·"'n.s ~ r...;:.. '~ ...... _ \o>L .... "!.i.t .• 1J. 
The purpose of the meteorologicul study presented in this book is to 
describe the factual evidence, both eye\\'i tnessed and cOr.Jputer genera ted. 
related to the Delta 191 accident at Dallas/Ft. Horth, Texas Airport on 
August 2. 1985. l'fith the help of the National Transport~tion Safety Board, 
the Federal "via tion Adrninistr" tion, the ~a tional Heather Service, Delta 
Airlines, nnd other agencies, the author atte~pted to collect all possible 
factual data available as of January 20,. 1986. 
In his previous book, "The Downburst", the author classified the parent 
cloud of dcwnbursts into Types A(Anvil ~loud), S(Super cell), B(Bow echo), 
I(Isoiated shOl.er), and C(Cumulus cloud). This analysis has led to the 
conclusion that: the parent cloud of the DFh' l:1icroburst was a Type I cloud 
with thunder. The parent cloud of the PM 759 storm at New Orleans in 
1982 was a Type I Cloud, but no thur:der was reported. Unlike huge, T}'~p.s 
S an·i B thunderstorms, Type I and C clouds are often innocuous, giving 
an illlpression to pilots that they nre simple shower clouds wi thout I~ind 
shear underneath. Such ~~n impression could be entirely misleading to pilots, 
although most of thee are h~rmless and penetrable. 
Satellite pictur~s of the DFh' thunderstorm indicate that its cloud top 
reached as high as 2~.OOD it AGL at l80J CDT, the time of the Delta accident. 
In this reg:ud, the author concurs with a p::'lot approaching DFW airport 
that the cloud top was high teens to low twentics. Seme weather forecasters, 
as ",ell as the general public. tend to think that severe local winds nrc 
induced by large and tall thunderstorms. In contrast to such an e:::;pectation. 
the relatively small, 101~-topped DFW thunderstoro spawned two strong 
microbursts: The DL 191 microburst '''ith the 52-kt (60 nph) peak \lind at 
1805:51.8, 0.2 sec before the first ground contact and the 70-kt (80 mrh) 
peak-gu3t llicroburst at 1824:30 CDT. 
The DL 191 microburst was accompanied by the most complicated winds 
nndy:::ed by the. author since 1976 when he id::mtified "dOlmburst" after 
studying the Eastern 66 accident at .1FK on June 24, 1975. Conputer analysis 
·of the DFDR readout from·DL 191 revealed that this microburst was 
characterized by a 49-kt tai lwind and an estimated ·lO-kt headldnd ne~lr 
the ground (23 kts at flight lcvel), a total of an ~l9-kt wind shear. In 
addition to these head- and tailwinds, there were at le:1st one descending 
vortex ~n~ two stretching vortices embedded inside t~e D:crcburst. 
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As presented on the cover picture of this book, the microburst descendin8 
from a Type I cloud is complicated and vicious. According to this study. 
the DL 191 accident occurred 3pproxioatcly two ~inutes after the microburst 
contacted the ground at 180-1 CDT. For ticely w::u"nings to pilots. it is 
necessary to detect the winds during their descending stage by using the 
proposed teminal Doppler racn:r. Until th,m, we have to keep in nind the 
following facts which have been discussed both in TIlE DOtlNSURST and in 
DFl~ mCROBURST. They ~re: 
(1) An innocuous. isolated shower (Type I) could be an inducer of 
severe wind ~hc~r. 
(2) SOr.le :::icroburst-~pa\ming clouds are not associated \lith thunder. 
In particu!:lr, Type C Clouds, such as tlushrooll!, sinkhole, and r.iant 
anteater clouds arc innocuous. but they could induce a 50 to 70-kt 
total wind shear, lasting for very short time. 
(3) A microburst cloud could descend to the glideslope very quickly. 
An ai:-craft tlar land uithout a reportable wind shear; hO\~ever, another 
aircraft. following only one to two minutes behind could experience 
serious difficulties because a descending microburst could alter the 
glideslope winds from nonsevere to severe within a couple of minutes. 
(4) Aircraft \Ii 11 be ahle to fly out of some Llicrobursts. bnt not 
out of everyone. An eXllople of a nonpenetrnble ~icroburst was the 
Andrews AFB cicroburst of August I, 1983. Its total wind shear IiUS 
130 + 84 = 214 kts. 
(5) Even when computer-generated analyses demonstrate that an aircraft 
may be aerodyn~cically cap"ble of penetrating a nicroburst-induced 
wind shear safely, it cay be unrc:llistic to expect even a well-trained 
crew to acco::lplish the penctration because of the cOtlplex nature of 
the winds. At the prcsent time. 11 pilot has no e'lUip'':cllt available 
to him to ascet"tain the exact nature of the "lind!> ur.til he £1ic3 into 
a micrcbl.lrst. 
Until the proposed terminal Doppler radars beco::lc op-'!":ltional and pilots 
begin receiving ti~ely and accurate wind-shear uarnings. it will be nccess~ry 
for pilots to understand the cOwplex nature of microbursts and for pilots 
to receive all available weather cata froQ ground-baaed octeorologists 
and air-traffic controllers as rapidly as possible when conditions at or 
near an airport suggest weather conditions conducivc to ~cvere wind shear. 
The first illdication of a eicroburst cxperit'n.ced by an approaching airc:r:lft 
is . "an unusual headwind increase in front Clf n shOlo"er". Such an increa.sc 
is likely to be follo\lll~d by a taih-lind increase on the other side of the 
upproaching sho.,ier. Naturally. an ~ircraft eust· penetrate the tnihtind 
section of the flicroburst before flying out of it. 1~e dtmd center of 
a lllicroburst. where the tailwind begins in a strong do'-nfloll, could tuxn 
into the p~int of no return for an aircraft caught in it. 
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APPENDIX 1 COMPUTATION EQUATIONS 
~Smoothing for generating cata at li8 sec interval 
h'c!ghting functions used arc: 
For 1/4 sec raw data: 3(2/8) 7(liS) and 10(0) 
For 1/2 sec raw data: 1(5/8) 3(4/8) 5(3/8) 7(2/8) 9(1/8) and 10(0) 
For 1 sec raw data: 1(9/8) 2(8/8) ••.••• 8(2/8) 9(1/8) ~~d 10(0) 
For 2 sec raw data: Hand smoothed and digitized 
( ) denotes tirn~ in sec before and ~£ter the raw-data time. 
(B) Indicated airspeed (lAS) to corrected airspeed (CAS} 
CAS = lAS + 28/(IAS-I00) + 20/(IAS _110)2 CAS and IAS in kts 
(C) Corrected airspeed (CAS) to true airspeed (TAS} 
I 
TAS = 1.8752 (Ty/PM )2 CAS Tv in OK, PrA in Ti'.b 
(0) Ai" temperature (T or SAT) to virtual ter:1peraturc (Tv) 
TvoK ~ TOC + 273.16 + 2.6 
(E) Altitude fine (ALTF) to accelerometer height (H) 
See Fig. 2.3, page 19 
(F) Accelelcmeter heigh, (H) to atmospheric pressure (PTA) 
r.· = _? 65 + 1013 "s (280.16 - 0.00G5 (H/3.29»)!I.:~1j1 
('TA _. .... 288.15 H in ft, PTA in I.W 
(G) Acceierometel" height (H) to true altitude (TA) 
/ 
C.C'ClU!15 TA ft = 5~U' + (Tv/O.0009296) [-1 + (992.3 Pn ) 1 
(II) Inel'tial altitude (z) to atr.lospheric pressure (P, ) 
Pl = 992 3 ( 314.09 - O.0006·~ (, - 5~o'l ),e.2':1 
.. , 314.19 z in ft, p. in:;w 
(1) Dr-DR ucceleraticn (A •. q"A r ) to corr-ected acceleration (l' ii "t{L 
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1..1 co~put~tion equations 
lJ) Component \:inds (u 'J w) to tili1ltind. cross\t'ind and dd ff 
Tailwind = u cos If1 • v sin '¥ 
Cross\~ind ., -u sin ~ + v cos Ijt I 
dd .. 180.26° • tr.n- I (v/u) ff = (ut:. VZ)t 
(K) ComEonent winds (u v w} to total. vertical ~orizontal winds and Ma 
, 
Total wind (TH) = (u R • v% + w%)F. 
Vertical wind (VW) ., (u t + wit)! 
I 
Horizontal ~lind (mi) = (ut" + V!)2 
Downflow :lngl e (dfu) 
--
COS-I (HI'l/no 
(L) Ground velocity (GVL) to Ene~KE and PEl 
GVL = (Xl. yr. + Zl) 
Kinetic energy (KE) u 1/2 GVL! 
Potential cner~y (PE) = g(z - :11.) 
(r·t) DFDR angle of attack to body ar:gle of attack 
a.eocy·= 3.72 + (0.53SCoFol"I) 
(H) Other corrections (For identificat;on of parameters, see Table 2.1) 
Angle of attack AOA = AOA L - 0.244° = AOA l< .... 0.244° 
Aileron-
Rudder pedal position 
Rudder position 
Roll contl'ol wheel 
Pitch control column 
Trim 
Spoiler 
AIL = -AlL In + 0.216° = -AIL LI 1.452° 
= +AIL RO + 0.200° = +AIL RI + 1.037~ 
RPP. add 0.1316° 
RUD, add 0.336° 
Ch'P = CWP L - 2.82° = CWP R + 0.61" 
CPP .. CPP L + 4.49° = cpp R + '~. 53° 
TRJt.1 
'" 
TRU; L 0.032° = TRUl it 0.028(; 
SPO = spa L4 1.320° = spa LS -t 0.783° 
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APPENDIX 2 DFDR READOUT DATA I 
. This tab~laticn is based on the HTSS DATA DUBP PROGRtJ.t dated August 2, 
1985 and Septecber 13, 1985. Tice in this table denotes the cockpit 
voice! recorder tice in CDT which is three second.. faster than the 
DFDR readout ti~c. 
T.HOG (True heading) = OFOR HOG. 7.02 e 
RPP (Rudder pecnl position) in inches 
RUO (Rudder position) in decrees 
ALTF (Altitude fine) in feet 
lAS (Indicated airspeed) in knots 
AOA (Angle of attack) ~ AOA L - 0.244° 
= AOA R + 0.244° 
2PR (Engine pressure ratio) 
T (Static air teruperature) in tentigrade 
1304:51 to 1804:56 COT 
COT T HOG RPP Rue p,LTI'" lAS ,41"9'. of AII~ CPR T 
h m ., d~Q ,nc,," d~ il kl! OFD!l Ood,' ·C 
1804 51 173.!i1 IG51.8 8.051 8.03 
O.OO:.!3 -0.447 152-411 7.717 7.05 
7.01: 7.90 f .OSS7 
0.00:1:1 O.COO 7.746 7.86 
11104 52 173.51 163f.6 7.812 7.S0 
0.002:1 O.CY'VO '~l.4ts 7.603 7.79 
7.460 7.It I.OG91 
0.CO:!3 O.C·:,) 7.126 7.S3 37.12 
IC04 53 \73.5\ 1625.:1 8.051 0.03 
0.0023 -0.447 151. eo 7.S77 7.99 
B. ,'12 r1.09 . I.esse 
0.0023 -0.447 7. S0-4 7.90 
1804 54 173.94 ICOa.9 B .S:l() 3.29 
0.0023 -0.447 l!il.00 7.G71 7.9:l 
1>.539 (l. :29 
O.OO4G -0.44" G.7:11 0.40 37.47 
1804 !is 173.94 1592.4 !I.S55 S.lll 
0.0046 -0.895 15:2.0:) 0.:;00 C.16 
S.91l G.49 , .0630 
O.OO2J -0.0!15 1l.41!l o.n 
1004 56 174.:3G 157G.9 9.29G 8.69 
0.004G - I .:1,"·2 152.29 e.270 D. t ... 
S.157 B.G2 1.099 I 
0.C046 - t. 3·.2 e.270 e.14 
, ".' 
_I..,.} : .. 
. ' 
,. 
, .. ~ .. 
" ., 
-.--~-
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:',' 
I 
1804:57 to 18CS:08 CDT 
.. I COT T HOG RPP fWD ALTF lAS AnOlc oi "tinct EPR 1 I 
·C I II 
"' 
, dO(J I~cllu caQ II k'~ OFOH B.1dy . I 
l 
1804 57 174.70 1561. I 9.425 8.76 l 
0.004G -t.ng 152.29 8.::59 8.19 
9.167 8.62 1.0&94 
0.0046 -1.789 8.419 8.22 
1804 53 175.65 1545.0 9.555 0.!l3 
0.0046 -2.236 152.29 8.419 S.22 
9.425 8.76 
0.0023 -2.236 0.211 8. II 37.03 
1004 59 nG.94 Hl2S.7 9.040 !l.S6 
0.0046 -1. 789 152.1\0 8.241 8.13 
8.788 0.42 I .08~8 
0.0046 - t. 709 e.182 8.10 
lB05 00 177.al 1514.0 8.539 8.29 
0.0023 - 1. 7Il9 152.29 G.211 8.11 
B.415 &.22 1.0991 
0.0046 -1.3 .. 2 C.182 B.l0 37.29 
/' 
, 1805 01 170.69 149S. 1 8.415 B.22 
0.0046 -0.447 151.!l0 8.449 8.24 
9.040 B.56 1.0894 
0.0046 0.000 1.\.690 S.37 
11l0S 02 179.13 1492.5 {)'O40 11.56 
0.0046 0.000 132.48 U.934 0.50 Ii 
8.913 O.4!1 r 0.0023 0.000 9.120 O.SO 37.G!5 
I 
11105 03 lCO.Ol 1466.7 9.167 0.62 I 
0.0023 0.000 153.0S !J.048 S.99 
r 9.167 8.G2 1.0830 0.0023 0.000 9.120 8.60 
l' le05 04 180.45 14!;O.a 8.663 8.35 0.0023 0.000 153.64 9.089 8.58 9.l(i7 8.G2 1.093 I t, 
0.0023 -0.44" 9.182 8.63 37.83 ! 
~ 1805 05 181,33 10(;36.1 8.663 8.35 r " 0.0<'46 -0.095 1!j4.20 0.479 8.26 a 0.172 1\.09 1.0BD9 • 
a 0.0023 -0.447 9.913 9.02 f li ~ laos 06 181.713 1427.3 9.425 8.76 I 0.0046 O.OCt) '54.39 9.307 8.70 !; B.788 8.42 I: F' ~1 0.0023 0,000 C.B73 8.47 37.65 
r 'I '1105 07 102.22 141\.0 D.CS' 13.03 !.t 0.0013 0.000 157.46 S.182 8.10 
I :) fl.293 8.16 1.062'5 r' 0.0023 0.000 8.2 " S. It 
''1 ,. , 1803 08 132.66 1:399.0 7.812 7.ll0 I 
" 
. r1 O.OO:l3 O.OCO \57.33 7.717 7.G5 I '1 7.!:i7G 7.77 1.1001 , ~ 0.0023 O.COO 7.SH 7.76 37.29 ;·1 I ,"1 












































1805 16 183.56 
1305 17 183.56 
1005 10 1112.6G 
1005 19 182.22 
IOO~ 20 101.70 
...... - .. _-....;..,.---... .•. - ..• --" "--' 


































































1805:09 to 1805:20 COT 
lAS 
kit 






























































































































jl "/ ; 
! '1 
,! I 
; l. " 
j I'! ! I i 
i J I i 



























1805:21 to 1805:32 COT 
COT 
h 1ft , 
T tWG 
cllQ 
1005 21 181.18 
lBO'S 22 101. 33 
1805 23 11:0.45 
1005 24 160.01 
le05 25 "9.56 
1805 26 "9.13 
le05 27 179.13 
1605 2B 179.G9 
11105 29 178.25 
t805 :l0. 171.at 
1005 31 171.38 






























































... --.......---.- .. -." 
A.2 DFDR rc~dout da~ I 
A~qla cI Alltx.k EPIl 

































































































































r", I.j .. / 









71 A.2 DFDl'? l'cadout data r 
COT T HOG FlPP RUO 
h '" s cH\l inc"" C:.Q 
1605 :)~ 174.79 
0.0000 :::.57:1 
0.0023 3.466 
IGOS 34 17:1.09 
; 0.0023 t.2l1 
0.0023 -0.447 
1605 3!i 172.25 
0.0023 -:L 129 
0.0023 -7.559 
tOOS 36 171.83 
0.0000 -7.090 
-0.0023 -7.S0B 
l11C5 37 171.00 
,i" 
-O.Ot 13 -e.352 
f 
, , -0.0136 1.2:!1 
/. ' " j 
180~ 33 173.09 
-0.013G :!.513 
-0.0113 ;:.125 
,/ // t 1 
/ i 
! , I 





1805 40 174.79 
-0.0113 5.2<1l"1 
-0.0091 4.3SS 
tBOS 41 173.!34 












1805 44 172.67 
-0.0091 -0.4<17 
-O.OOGS -2.(;1l3 

























1805:33 to 1805:44 cor 













































, 1.:1 IS 
;2.178 











































































1805:45 to 1805:56 CDT 
COT T tWG RPP RUc\ 
h m s chlJ Inch" ~~ 
1805 45 173.09 
-O.OOGQ -O.ilIlS 
-0.0068 2.573 
1805 46 172.25 
-0.0091 3.4GG 
-0.0068 1.G79 
IBO!1 47 171.42 
-0.0023 0.000 
-0.0023 0.000 
1805 48 170.59 
-0.0023 2.126 
-0.0045 -0.8S3 
1005 CO 170.18 
-0.0045 -G.G19 
-0.0023 -4.90$1 




1005 51 110.59 
-O.o-.."'ftl 0.000 
-0.C091 0.000 
ISO!3 52 169.71 
-0.1306 -2.2:!6 
1805 53 169.77 
-0.2501 -6.237 
-0.2023 -6.679 
180S 54 110.59 
-0.:.'1570 -2.Sa3 
-0.2GI5 -0.625 
IS05 55 170.59 
-I. 70S 
" lao:; 5G \7Q.13 
ALTF 
It 
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, 
APPENDIX 3 DFDR READOUT DATA II 
This tabulation is based on the lITSB DATA DUMP PROGRAJ.! dated August 2. 
1985 and Septecber 13, 1985. Tir.~ in thi5 table denotes the cockpit 
voice recorder tine in COT \1hich is three seconds faster than the 
DFOR readout tine. 
COT 8 












· •. 467 
cPP (Pitch control column) '" cpr L + 4.49° 
.. cpr R + 3.53° 
STAR (Stabilizer position) in degrees 
TRUl (Pitch trim position) :& TRI!·I l. - 0.032· 
ft TRIM a - 0.028-
SPO (Spoiler position) .. SPO L~ - 1.320° 
• SPO LS + 0.783° 
.. SPO HZ ~ 0.000° 
.. SPO R6 + 0.379° 
CWP (Cont.rol ~heel 
AlL (Aileron angle) 
position) a ~p L -
• CWP R + 
,. -AIL LO + 0.216° 
a -All. LI - 1.452 Q 
• +AIL RO .• 0.200° 
• +AIL RI + 1.037° 
2.82 8 
0.61° 
1804:51 to 18U4:56 COT 
CF-P STAa S?OL4 
deo dtQ 
6.0:\0 3.794 
G.491 -4.9110 2.4GO 
5.8G4 
6.407 1.7!:4 
5.094 -\';'00" 1.~31 
!l.&05 
G. toa t.atG 
6.342 -5.100 2.4GO 
5.652 
6.257 1.754 
5.994 -!J.03!l 2.705 
5.648 
G.OO9 t.754 
~.9!l4 -5.064 1.231 
6.307 t .816 



















































































cpp STt.B SP01.4 
deQ 
6.407 1.754 






5.£94 -5.100 t.231 
5.644 
6.108 1.816 
6.193 -5.V40 3.G08 
!i.S5G 
6.243 -5.136 3.GSQ 
5.G72 
G .009 t. 754 
6.044 -5.004 t.231 
5.068 
C.l08 1.016 
6.044 -4.!l80 1.231 
5.eC4 
6.20' 1. 75~ 
6.243 -5.028 t.231 
5.IlGO 
6.059 1.754 
5.994 -4.95U 1.231 
5.&.44 
6.009 1.754 
5.496 -4.860 2.572 
!:J.80S 
5.7&0 :l.8S5 
5.S44 -4.072 3.911 
:;.576 5.611 
5.959 4.2~7 
5.894 -4.(60 3.199 
3.1:10 5.1121 
~.O~9 3.794 
5.59G -4.304 3. i75 
2.(;(14 :l.SOS 
'-.. _- -"._--------

























































































i . ' .N, ~ ./, 
I .,~ ! , 75 A.3 DFDR readou" data XI ," 
,,3 
( -...; "'1 lQ05:09 1805:20 CDT 1 to • -' , .~'~ 
-' .. 
COT 8 ST.e.a TRIM SPOl.4 SPOR2 ." CWP AIL SPOL5 SPaRS '~ crr 
h m s dtQ dtQ deg dIg dOli dIg d_; dig del) dog dell -,-
.:) 
f-
leos 09 5.51 I !l.773 -33.87 -7.45" 0.000 oJ 
3.130 -G.I42 
. ,~~ !'.:!'l7 -.1.716 4.245 -:"4.19 -5. :1"18 1.171 \~] 2.684 5.706 -4.0~n 
laos 10 5.461 IL082 -10.64 - 1.46: 0.000 
'J O.OW -1.788 
5.347 -4.692 5.£88 -1 I .92 -I. 254 '1 2.2:>{ S.782 -1.758 
1605 11 5.411 7.034 -7.50 -I. "238 t: (.V>O I -2.125 -1.452 • >~ 5.1-' 3 -4.560 6.G84 -9.42 . .919 1. 171 
1.790 5.743 -1.200 ;'J 
1805 12 5.::GI 7.770 -6.53 -1.015 0.000 " 
-J.Ol!) -0.109 ::1 
6.541 -4.728 7.235 - '.69 -0.248 .J 
1.343 5.860 0.142 ::n 
la05 13 6.605 3.237 -12.54 -1.127 o.coo :;1 
-3.465 -2.795 .. 
5.546 -4.!)20 1.231 - 13. Ie -1.925 1.171 
'J ').237 5.790 -2.093 , 180S 14 5.013 1.2n9 -19.53 -::1.ElO3 0.000 
2.572 -4.359 , --, 
G.O·14 -4.608 4.801 -2e.15 -4.J7<1 1 
3.130 5.8'" -G.1ge J 
1805 15 G.009 8. 1·~4 -31.84 _r .026 0 . .>00 ,.,.J, 
-1. 23 ~ -7.030 
:[1 G.093 -4.872 1.79':- - 11 .96 -6.373 1.294 
3.130 5.860 -6.199 -, 
" ' 
1805 16 6.158 4.289 -:7.36 -2.814 0.000 '~ 
-3.0H) -:, .354 <j 
6.292 -4.600 1.:l4l -~8.r.1 -:1.376 /1 3. '30 5.895 -3.096 r:,1 
laos 17 G.755 I.S70 -I5.!!2 -2, I:~ 0.000 'j 
-3.91 I -2.l'133 i 
6.789 -5.052 1.454 -14.65 -2.037 1.294 .. I 
.... 
4.467 5.8.25 -2.539 ) .. ~ 
.':-
.- ' " 
le05 18 4.764 2.0G3 -IS.55 -2.021 0.00) .'~ 
-4.356 -4.502 
:,'1 4.700 -4.200 2.572 -23.05 -4.:'H 7.125 5.60Sl -;. 198 
1005 19 G.203 9.206 26.61 -5.!)t5 0.4ol·' ;~~ 
_ . 
. G~" -l.G!:3 ;-~ 
7.I:n -5.124 1.678 -7.B4 - 1.366 1.3';1;; d 
7.565 5.092 -':'.30G 'j .. ; 






"'j , ,. 
r·_~;::;-~~ . .:.::. .. 
........ '""'\t~ ..... :";.":':"';;:"':':;'';':;':;,.i~::.·;.~;.;.;-.;.;..:.:;~.-.;.~7::.:;.:..:.;::..:.;;:~,~ .. :'::;:i:~:::,,,:,- •. 1-·»_'~~ .... ~':.::~ -: ..... -;~:.-•. :..::..;;.;...::..: .:..:..:..::..:..:; .:.~:~::::..-;.;. _.; .. ;~.:..-_' ... : .• '.;-.:..~ -.: '--' ~~ ..... , ~ _ ....... 1 ~~k~~ 
\:! , ~'; ,. 
1805:21 to 1805:32 COT 
COT cpp STAB .RI M SPO L4 SPoJ R2 
__ h_m_, __ •______ c_~~ _____ d_.~Q _____ d_e~O ____ d_t~O_ oeQ dco 
11105 21 5.959 1.939 
6.143 -4.932 1.343 
10.6:0 5.649 
tll05 22 G.5CG t.::39 
7.03& -5.436 1.231 
11.051 5.052 
1!105 23 6.805 2.433 
G.690 -5.412 1.231 
tl.482 5.860 
t80S 24 6.407 2.433 
6.541 -5.352 1. 119 
11.482 5.895 
t905 25 1.551 4.041 
1.9&1 -5.928 1.119 
5.87:<: 
1605 2G 7.998 1.754 
7.137 -G.156 1.007 
12."7;;G 5.860 
ta05 27 7.053 1.692 
7.435 -5.!)1S 1.007 
1<1.457 5.868 
1805 213 7.:103 1.631 
"7.131 -5.240 , .007 
5.876 
11105 ::9 7 ';'49 1.G31 
7.ll31 -6.492 1.007 
15, 'IOS 5.CGS 
1005 :30 ".043 1.5,,9 
7.-135 -6.372 1.119 
15.709 6.876 
160S :Jt 7.:.l02 •. 5G9 
7.:2:36 -6.03G 1. ~ 19 
:i.300 
1305 32 G.9~4 1.631 
5.!H4 -5.43G 1.1 t9 
!L1l19 




























































































"0. __ ~ • ~ 
"
1' .. ! 











.... ~ . -.~ 
77 
COT 



























DFDR readout data .rr 
1805:33 to 1805:44 COl' 
cpp STAB TRIM SPa L4 
-<?- CWP AlL 




7.733 -G.324 C.(j~S 
5.895 
"1.600 I.G31 
7.9B1 -6.372 1.007 
5.A99 
6.257 13.1e7 
6.::'92 -6.072 0.095 
5.931 
5.660 r.o.652 
3.256 -4.4BB 0.133 
5.6!'lG 
3.S69 40.s:n 
4.451 -4.524 O.!lg::> 
fi.6G9 
3.171 
5.5!l6 -4.OGB 2.4eO 
5.774 
G.506 1.507 
S.O'.:lfl -4.764 6.1:11 
5.700 
0.540 I.Sil2 






2.410 -3.216 13.191 
~.;:23 
5.OG3 7.054 






























































































1805:45 to 1805:56 COT 
COT (} CP? STAO 
h m II 
1605 ~'S 10. t:'9 
9.959 -7.620 
1tOS 4G 9.S:!!S 
U.'S2G -7.2S0 
-1.231 
taO!5 47 G.705 
7.465 -G.036 
4.022 












te05 :53 4.515 
G.OtiC -4.296 
0.448 






100!! 5::; 0.1S4 
-------~--... 






























A.J Dr-DR raadout d.:!ta II 78 ,~-.-:....=.... 









































O .. ::~" 
-0.344 
1 . .iSS 
-0.136 
-0.753 





































APPENDIX 4 AIRCRAFr POSITIONS 
! 
t. 
, Positions of Delta 191 on the In coordinates, x y z. tabul:!. ted at lIS I 
sec interval. For the l7L coordinates, sec Fig. 2.4 (P 20) and for x-~ ·'f 
and x-y plots, see Fig. 2.9 (P 25) I. 
, .' 
\ ; 
1804:56 1805:01 CDT (" \ to 
" j ',.' . 
COT I Y z r - :,,. r' ------- .' ~. 11m • II m nm fI m It m fI "' 
la04 5G -21719.6 -66lB.5 -3.582 26".4 80.6 1725.S 52~.9 1'58.4 353.1 I I" ': -21744.Q -6';27.6 -3.576 263.0 80.2 17:13. :! 525.2 1156.1 352." t .--21703. :I -GG1G.a -3.570 2G 1.5 79.7 1721.0 524.G 1 1Sl.9 351.1 , 
-21G72.G -G605.9 -3.564 260.2 79.3 1710.8 523.9 1151. 7 351 0 I f ':., 
-21637.0 -6595.0 -J.S59 258.9 78.9 1716.6 523.2 tI4?S J50 ... 1 
-2 160t. 3 -G584.2 -3.553 257.6 7B.5 1714 .4 522.5 1147.3 349.7 i 
-21565.7 -6573.3 -3.547 256.4 76 2 17 12.1 57' .9 '145.0 3019.0 I -21530.0 -65G2.4 -:1.541 255.3 77.6 1709.9 521.2 1142.B 301B.3 . ~~ .J . 
1004 57 -2U94.4 -6551.G -3.535 254.3 77.5 1707.7 520.5 II40.G 347."1 I i 
-21458.7 -6540.7 -3.529 253.3 77.2 1705.5 519.8 1136.4 3'" .0 I 
-21423.1 -6529.8 -3.523 252.3 7G.9 1703.3 ~~9.2 tt36.2 :J~G.3 -'"" 
-21367.5 -6519.0 -3.518 251.4 76.6 1701.1 51B.5 113~ .0 3-15.7 I .-
-21351.0 -C5CB.l -3.512 ~50.6 7G.4 169S.9 511.B I 13\. B 3~S.O 
, 
-2131G.2 -6497.3 -3.50G 249.0 76. I 16!lG.G 517.2 1129.7 :U-I 3 I , -21200.6 -,,466.4 -3.500 2<9.1 75.9 1694.6 516.5 1127.5. 343.7 t ·i. -2124-1.9 -6475.5 -3.494 240.5 7r..7 1692.4 SIS.S 1125.3 3~3 0 , ·r ! , .I 1004 59 -21209.::- -6464.7 -3.488 247.8 7S.!; 1690.2 !lIS.:' tl2:!.1 :J,I,. :, ; 
-21173.7 -6453.0 -3.482 247.3 75.4 \608.0 514.5 11:t0.9 341.7 1'''_:'':' -21138. I -6443.0 -3.477 2-16.8 15.2 160S.a 513.9 111S.C 341.0 /.' " ' 
'. 
-21102.5 -6432.1 -3.471 246.3 75. I lG33.7 5'~ 2 tl16.6 ;'40.:1 .
-211)6u.!.l -6421. 3 -3.465 245.9 75.0 1681.n 512.:> ~ 11·' . .e 339.1 I ~... -21031. 3 -G410.4· -3.459 245.5 74.8 !679.4 511.9 1112.3 3J9.0 -20995.7 -6399.G -3.453 245.2 74.7 '677.2 ~11.2 \' 10. I JJ!!.4 
-20960.1 -63I!O.7 -3.447 244.9 74.C 1675. \ 510.6 1103.0 337.7 
. . 
.' .. -:..-
180~ 59 -20924.5 -6317.9 -3.441 244.6 74.5 1672.9 509.9 1105.!! :lH.l 
","'-' , 
-:WOt!8.9 -63G7.0 -3.436 244.3 74.5 1670.a 509.3 1103.7 3::tG ., J .. , \. 
-2035:.1.3 -6356.2 -3.430 244. I 74.4 lE;6B.7 5:JB.G "01.6 335.0 f\~ -20317 .1 -6345.3 -3.424 243.9 74.3 tG6G.1) 500.0 1099.5 335.1 
-:20782.2 -C,334.5 -3.410 243.7 74.3 lG64.5 507.3 1037.4 334.5 
-2074G.6 -6323.6 -3.412 243.5 74.2 lG62.3 5OU.7 1095.2 J"lJ . G 
-:20711.1 -G312.0 -3.406 :143.3 74.::! IG60.2 ~OG.O 1093. I 3J3.2 .,. 
-20575.5 -G302.0 -3.400 243.:t 701 .1 1658.1 '::05." 1091.0 332.5 f· ( 
., . 
1005 00 -2OG40.0 -6291.1 -3.395 243.1 74. I 16!:5.9 504.7 100B.0 331.9 ~ ,-' ·'''0' 
-20604.5 -G260.3 -3.:HI9 243.0 74.1 lG53.S 504.1 101J6.7 331.2 
-205GB.9 -(;269.5 -3.303 243.0 74. I 1651.S 503." 1084. ~ 3:l0~u l'~' . -20533.4 -6:<51'.7 -3.377 243.0 7(. I 1649.5 502.6 1002.4 329.9 -"r ~ 
" 
-204:)1.!) -G247.0 -3.371 243.0 74. , 1647.3 502. I IOS0.2 32S.2 
. ' -20·162.4 -6237.0 -3.3G5 2.\3.0 74. I 1645.1 50: .4 1076.0 ns.s 1 :<\ . 
-20426.9 -6226.2 -3.:360 2"3. I 74. I 1642.9 500.8 1075.0 327.9 
,- , ! 
-20391.5 -621~.4 -3.354 2"3.2 74. I 1640.7 500.1 1073.(; :127.:: _ .... \ .' 
1005 01 -20356.0 -62N.G -3.346 242.4 74.2 1619.5 499." 107 t. 4 326.6 
: ~ / ... ' 
-203=0.5 -6193.8 -3.342 243.6 74.2 1636.3 4£18.7 10£9.2 325.9 
-20205.1 -6163.0 -3.336 243.6 74 3 1634.1 49a.1 1067.0 :125,2 
t 
-2024!L 6 -GI7:1.2 -3.330 24<.1 74.4 1631.0 4!11.4 1064.7 :3204..5 
-20214.2 -616 I.': -3.325 244 .• \ 74.5 1629.6 ':~6.7 1Cft>2.5 323.9 ~ 
-:20178.7 -6150.6 -3.319 :244.7 74.6 1627.4 496.0 lOS0.:1 32='.2 
" 
-201"3.3 -61:19.6 -3.313 :245.1 74 7 1625. I 0\95.3 IOSil.O 322.5 





1805:02 to 1805:08 COT 
COT 
hm • 1\ m 








1005 03 -19169.3 -6031.9 













-192901.8 -58tH. 1 
-19259.5 -5370.4 








IG05 C5 -18942.3 -5773.7 
-15907.1 -51(;3.0 
-16S11.9 "'5752.2 
-18836.7 -5741. 5 
-18S01. 5 -5730.0 
-10766.4 -5120. I 
-18731.2 -5709.3 
-18696.0 -56!l£1. 6 










































































































































































































































































































































































































































8 t A.4 Aircraft positions 
COT 
































































































































































































































































































































































































































































































































































1805:16 to 1805:22 cor 
COT 



































































































































































































































































































IS I. I 
151.0 
150.9 





































































































































































































:2~2 . .1 
































22e . 3 
228.0 


























































































































































































,~----- ...... " ... -.---. ...-~---
1805:23 to 1805:29 CDT 
! 
------



























































































































































































































































































































































/ It.'; Aircr~fe positions 84 
1805:30 to 1805:36 COT 
COT I ____ 1 ____ _ 




















1605 32 -12131.2 
-12101.4 






1805 33 -I IB02. g 























IIlCS JG -llleo.O 
-11150.2 























































































- I .O!)I 












































































































































































































































































































































































85 A.4 Aircraft positions I.: 
; . 
i, 
1805:37 to 1805:43 cor t 'f i, I, 
i 
1</ COT Y I Z - I ••• .. ft II II I h m • 
" 
m '1m m m m ! ' I 
'r I .. '. I le05 31 -10938.9 -3334.2 - 1.799 151.5 ol6.2 1151.B 35t. I 584.7 178.:.! . : 
-1090S.3 -3324.9 -'.794 146.S 44.7 I15L2 350.9 5l14. I 118.0 
' ~ 
, 
-10877.7 -3315.& -1.7aS 141. II 43.2 1150.6 350.7 !i83.5 177.9 
-10947.0 -330 ... 2 - I. 784 137.3 41.8 1150.2 350.6 5Bl. I 177.7 
:I - 10816. I -32~G.8 - 1.719 132.9 ..10.5 1149.0 350.5 582.7 171.6 -10785.2 -:1287.4 -1.774 126.0 :19.2 1149.5 350.4 582. ,t 177 .5 -10154.2 -3277.9 - 1.769 1:;4.1 38.0 1149.2 350.3 582.1 177.4 
-10123. I -3~6B.4 - I. 764 120.8 36.6 1149.0 350.2 'iSI.9 117.A 1 
la05 3e -10691.9 -3250.9 - 1.758 t 17.0 35 G 114B.C 350.2 581.7 177.3 
t -10660.6 -3249.4 - I. 753 113.2 34.5 114B .G 350.1 581.5 177 ., -10629.2 -323!l.8 - t. 149 109.5 33.4 1140.4 350.0 581.3 177. :1 
-10597.8 -3:130.2 -1.743 105.9 32.3 1149.2 350.0 5C I. I 117. I q 
-10566.3 -3220.6 - 1.738 1O:!.4 31.2 1149.0 349.9 580.9 177. I 
-10534.6 -321l.0 - 1.733 9B.O 30.1 1141.8 34~.9 580.1 177.0 
1 
-10502.9 -3201.3 - I. 727 95.3 29.1 1147.7 349.8 580.6 177.0 
-10471.1 -3191.6 - I. 722 91.8 28.0 1141.5 349.C 5BO.4 11(..9 
Ino~ 39 -1043S.1 -3181.9 -L717 sa.3 26.9 1147.4 3019.7 5CO.3 1,6.9 
-IOol07.1 -3172.1 - 1. 712 B4.1! 25.C 1147.3 349.7 . 500.2 176.0 1 
-10374.9 -3162.3 
- 1. 70& 01.3 24.0 1147.1 349.6 580.0 176.0 :1. 1 
-10342.7 -3152.5 -1.701 17.C 23.7 1t46.6 349.5 579.5 !76.6 j - 10310.3 -3142.6 -1.696 74.3 22.6 1146.0 349.3 ';;78.9 17e 4 
-10277.9 -3132.7 -1.690 70.R 21.6 t 145. I 349.0 5711.0 t7G .::1 
,-.-' 
-10245.4 -3122.3 - 1.605 67.4 20.5 1143.B 3~B.6 576.7 '75.S 1 
-1021:1.0 -3112.9 -1.G80 63.9 19.5 1142.3 340.2 575.2 17S.:! I 
·l 
1005 40 - t0180.1 -3102.9 -1.674 60.4 19 4 11-10.4 317.6 573. :3 I 1 <Ii • '1 1 
-10147.4 -:'0!.'!3.0 -1.G€!) 57.0 t7 .4 1\3e. I 346.9 571.0 17ol.1 
-10114.6 -3083.0 -1.664 53.5 16 3 1135.G 346. I SGO.5 173.3 { 
-1003 1.7 -:;072.\) -1.658 50.0 15.2 1132. !l 345.3 565.7 112.01 
'10048.7 -3062.9 -1.633 46.5 14. :2 1129.7 344.3 5G2.G 171. 5 I 
-1001';;.6 -3052.13 -1.647 42.9 13. I 1126.4 343.3 5~9.3 170.5 11 
-90S2.#' -:104:1.7 - 1.64:1 39.3 12.0 1123.0 342.3 555.9 IG9.4 
r 
-9949. \ -3032 .5 -1.63G 35.1 10.9 1119.3 341. :2 55:2.2 IGB.3 
150S 41 -a91S. ~. -3022.3 - 1.631 32. f 9.8 1115.5 340.0 54!}." 167. I 
-9882.:': -3012.1 - 1.625 28.4 8.7 1111.5 333.8 544.4 1;;5.9 
-9341l.~ -3001.9 
-1.6'0 24.7 7.5 1107.2 337.5 540. I 164.6 
-9814.7 -:2991.6 
- 1.61"- 20.9 6.4 1102.8 336. I 535.7 163.3 
-97RO.8 -:951. 2 - I. G09 17. I 5.2 1098.2 334.7 531.1 161.9 I 
-9746.8 -2970.9 -1.603 13.3 ';.1 1093.4 333.3 5.25.3 160.4 
1 -9712.7 -2960.5 - 1.597 9.4 2.9 100lL4 331.8 52t.3 158.9 
-9678.4 -'2950.0 - 1.592 5.5 1.7 10a3.2 330.2 516. I 157.3 
'.1 
1803 42 -9644.0 -2939.5 -1.581; 1.6 0.5 1077.8 3:16.5 S10.7 155.1 .j 
-9;:009.5 -2929.0 -1. 530 -2.3 -0.7 1072.2 32G.0 505. I 154.0 
-9574.9 -291B.5 -1.575 -6.3 -1.9 1066.4 325.0 499.3 IS2.2 i -95010.1 -2907.9 -1.!ir,9· -10.:1 -:;. I t060.4 323.2 .193.3 ISO.4 -9'50':>.2 -2837.2 - t. 563 -14.3 -4.4 1054.2 321.:) .187.1 1-l0.5 -9470.2 -28C6.5 -1.5::!] -IB.3 -S.6 104B.O 319." 490.9 1,:u.G 
-!J435.0 -257!..!3 -1.552 
-22." -6.A 1041.7 317.5 -174 .G 144.7 
"9399.6 -:2065.0 -1.546 -26.5 -6. I 1035.4 315.6 4GO.3 14:2.7 
1 180~ '13 -S364.0 -2554.2 -I. '5~,O -30.6 -9.3 1029. , 313.7 ~b2.0 1.l0.l1 
-Q323.2 -7643.3 -1.534 -34.3 -10.G lon.o 31 1.7 455.7 IJO.9 I 
-929:2.:1 -2R3l.:l -1.520 -:l:LO 
-" .9 1016.5 :l09.8 4-l9.4 137.0 1 
-9;56.0 -2021. 3 -1.5:2 -43.2 -13. :1 1010.1 307.9 443.0 135.0 1 -9219.(' -:1010 2 - t. 516 -411.5 -14.5 ·IOOl.7 305.9 43G.G 133.1 
-9183.1 -2199.0 -1.510 -51.B -15.0 991.3 304.0 .:30.2 !31. I 1 , 
-9146.3 -27137.11 -1.504 -5S.2 - 17. i 990.0 302.0 423.7 1:19.1 
-9109.3 -2776.6 -1. 491l -CO.6 -ttl.S S84.3 300.0 417 .2 127 .1 
A.4 Aircraft positions 86 
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1805:44 to 1805:50 COT 
COT • , z r - l ••• 
h m • II m 








1805 45 -8768.S -2672.8 







laos 46 -1!455.0 -2577. t 
-8415. I -2565.0 



































































- 1.4 10 
- t. 4o.~ 
- \.397 






- t. 351 
-1.344 






- I. :296 
-1.289 
-1.202 
- I . 275 
-1.2G6 











-I. IS t 
-I. 173 
- 1. lCG 
- I. 159 
-I. IS I 
-1.143 
-1.136 
- t. I::'B 





















- 1 .. 5.·' 
-149.9 
-15'.J 











































-::IS. I ~J4.5 
-29.!i 02;;.1 



















... ~G 7 730. :l: 
-!Hl.l 7:0.0 















-81 4 G21.3 
























































































;! .. ,;.~ 
:234.9 
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A.·f Airel'afe posi tions 
f! 




















































































































- 1 ()90 
- I .oa2 
- t. OiS 
-1.Of.7 
- i .059 
- I .0.,2 




















































































































- 113 0 
- tI.:I. 7 
-ll(i.3 
-117 S 











-':le . .! 
.. ,.0 2 
-141.9 
-143 G 












































































































































t7 t. <i 
170.9 
1805:57 cor 




























































































- t . !i 
-1.7 





















; ,I'" r'~';' 
I '':: 
i ; .. ;~ 
! ~ I { 1·'.1:1 
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APPENDIX 5 ACCELEI~ATIONS 
As Ay AI arc DFDR longitudinal, lateral, nnd vertical acccler~tions. 
.. .~ .. .. .. .... 
L M N arc smoothed anJ corrected ncccler~tions. and X Y Z are 
th:-cc-cor:lponent accelerations on the earth coordinates. 




























































































































































































































O. I 17:1 
O. IISII 
0.1203 


































































































A. A. ~ .. 














-0.OC10 t .0284 
0.0845 


















-0.01 '2 1.0101 
0.0799 

























IM)$ :02 to 





O.ose& -0 01 ,,~ 1.0167 -O.OlH 
0.05al -\..01 ~<t 1.01G7 -0.0'" 
0.0592 -O.Ollt 1.011";7 -0.01 I' 
O.OG04 -0.01("; 1.0161 -0.0105 
0.0608 -0.0(:9;1 1.0167 -(1.0102 
0.C'60<1 -0.1)0(;9 1.0167 
-0.010': 
0.05')4 -0.OC~3 1.1:)167 -0.0116 
0.0!>8G -0.0039 1.1)16; '-0.01:<.1 
(I.0~82 -0.C053 1.0167 -0.0123 
O.cs·le -o.ocss 1.0201 -0.0136 
0.0517 -0.0033 1.0:150 -0.0139 
0.0583 0.0013 1.033:1 -0.0138 
0.0602 0.~9 I.03SS -0.0123 
0.0622 0.00,)<; 1.0401 -0.0104 
0.063:1 O.CO;!!) 1.0395 -0.0094 
0.0634 0.0011 t .03SQ -0.0089 
0.OE25 0.0001'1 1.0304 -0.0:'94 
0.0&16 O.(.'OJ;! 1.0293 -0.0102 
0.OG05 0.0058 1.0304 -O.011~ 
0.0591 O.00~9 1.0316 -0.0129 
O.OS7C O.OO3'~ '.C304 -0.0141 
0.0568 -O.OOC~ 1.0110 -0.0151 
0.056(, 
-0.00·0 1.034£ -0.0156 
CI.0565 -0.00:;8 1.0'-:07 -O.OIGO 
0.0513 -O.OC{;J , .0141 -C.OISS 
0.0583 -O.C.O:>1 1.0-1:'>4 -0.01 '.~ 
0.0586 -0.0053 ! .0395 -').0136 
o.o:;al -0.OOC4 t .03:;J -O.O13~ 
0.0566 -0.(.083 1.0258 -O.013C 
0.05'51 -0.0C'3:' 1.0184 -O.OHO, 
0.05·18 -0.0093 1.01ZI -C.0137 
0.0'545 -C.OC·73 1.0127 -0.0135 
0.0'557 -O.OGSJ \ .0165 -0.0.17 
0.0574 -0.00:13 1.0258 -0. ~'()9"I 
0.0502 -O.O<)1~ ~ .0349 -o.ocrs 
".0578 -O.OOc)'1 I.CJ72 -0.003::> 
').05,,2 -0.0::112 1.0349 -0.OOG7 
0.0548 -C.OO-td 1.0:292 -0.ooe9 
0.0533 -O.OO94 1.0258 -0.0093 
0.0515 -O.012~ 1.0241 -0.0101 
0.0497 -0.013:'· 1.0:1 l:t -(J. 0 109 
O.O':B~. -0.(\\(13 1.0150 -0.0111 
O.O47~ -0.0063 1.(.'076 -C.OIO<I 
0.0459 -0.002·, I.COOI -0.01(17 
0.O4~7 o.o:-oa 0.!:3:;3 -0.0107 
0.0~3G -0.0002 0.9927 -0.010') 
0.0427 -0.0033 O.S9:JB -0.0110 
0.0413 -0.0052 <.).991',1 -0.01' , 
0.0420 -o.c;,.')';J O.~9r-.4 -0.010:; 
0.0429 -0.0011 0.3967 -O.OC9i. 
O.C.134 0.0008 ().9g3~. -O.C:-.7~ 
0.0431 0.0:>12 0.99C':l -Q.C07G 
0.0428 0.0018 O.9R!"J2 -o.occr 
0.0133 0.0024 0.9;)05 -O.<X'S9 
0.0459 0.00:.18 0.9938 -0 t::(."'2~ 






















O. ()S£,s 0.0307 
0.059i1 0.C29~ 
























C .0;;7:1 O.OV'3': 





o .... 654 -0.0',)29 
0.0;;713 -O.OD·t: 
0.008·1 -0.C-076 



























.- ,;~ ~ 
',,' " 
.. 
, .. ' 
,-
.. 
. ~ .... 
·:i 
r·: ~ . ~::; 
i> ., 
r , 
1805:09 to 1805:15 COT 
C Oi A. A. A, 
h m ~ .. .. \I 
























































~ .• __ •.• -.f" 
A.5 Accelerations 90 
i." M N "i y "i 
Q 9 \I 9 Q \I 
0.0513 0.0039 0.9984 0.0029 0.0617 -0.00:!?' 
0.0525 0.0:)37 0 9984 0.0046 0.0586 -0.0019 
0.0533 0.0029 0.9984 0.0063 0.0536 -0.0016 
0.0540 0.0027 1.00Hl 0.0085 0.0402 0.0021 
0.0572 0.0039 1.0076 0.0115 0.0426 0.0083 
0.0596 0.0038 1.01:13 0.0145 0.0377 0.0143 
0.0607 0.0059 1.0167 0.0163 0.0318 0.0:79 
0.0609 0.0077 1.0150 0.0175 0.0254 0.0164 
0.05:)1 0.0090 1.0121 0.0161 0.0203 0.0135 
0.0~';8 0.0105 1.0110 0.0153 0.0159 0.0124 
0.0540 0.0120 1.0121 0.0133 0.0110 0.0135 
0.0512 0.0:22 1.0133 0.0114 0.0043 0.0146 
0.0482 0.0120 1.0121 0.0093 -0.0023 0.0133 
0.0449 0.0110 1.0092 0.0010 -0.0084 0.0102 
0.040e 0.0100 1.0075 0.0039 -0.0135 0.0083 
0.0365 0.0097 I.C05S 0.0005 -0.0184 0.0063 
0.0329 0.0100 1.0030 -0.0021 -0.0222 0.00:.13 
0.0301 0.0118 0.9984 -0.0039 -0.0239 -0.0014 
0.0278 0.0140 0.9936 -0.0052 -0.0234 -0.0060 
0.0252 0.0136 0.9909 -0.ooG8 -0.0233 -O.OGS9 
0.0237 0.0161 0.9892 -0.0074 -0.024G -0.0107 
0.0233 0.0:43 0.9S92 -0.0069 -0.0288 -0.0109 
0.0225 0.0119 0.9892 -0.0068 -0.0340 -0.0111 
0.0205 0.0097 0.9858 -0.0079 -0.0384 -0.0147 
0.0164 0.0079 0.9800 -0.0109 -0.0413 -0.0:208 
0.0123 0.0073 0.960G -0.0137 -0.0421 -0.040G 
0.0070 0.0069 0.D343 -0.0174 -0.0423 -0.C6GO 
0.0012 0.0065 0.B977 -0.0215 -0.0420 -0.1035 
-0.0053 0.0059 0.8611 -0.02G3 -0.0419 -0.1403 
-0.011b 0.0079 0.B330 -0.0312 -0.0393 -0.1684 
-0.015G 0.0120 0.S106 -0.0340 -:),0347 -0.190r, 
-0.0184 0.0157 0.8072 -0.0361 -0.0315 -0.1939 
-0.0203 0.0170 0.8106 -0.0415 -0.0308 -0.190G 
-0.0226 0.0181 0.B295 -0.0457 -0.0:111 -0.1718 
-0.02C8 0.0212 0.051(1 -0.0461 -0.0:190 -0.14911 
-0.0159 0.0238 v.0862 -0.0437 -0.0200 -0.11<13 
-0.0073 0.0242 0.9251 -0.0383 -0.0284 -0.0758 
0.0006 f)'O:!:!3 0.D606 -0.0338 -0.0305 -0.0~02 
0.0060 0.0211 0.9892 -0.0312 -0.0303 -0.0115 
0.0124 0.0:226 1.0075 -0.0209 -0 0:26G 0.0071 
0.0192 0.0252 1.0258 -0.0252 -0.0217 0 02j8 
0.0273 0.0259 1.0!578 -0.0207 -0.0193 0.0511 
0.0374 0.0241 1.0990 -0.0152 -o.olas 0.0~U6 
0.047~ 0.0229 1. 1351 -0.0101 -0.0197 0.IJ61 
0.0552 0.0242 1.1586 -0.0067 -0.0154 0.1(;00 
0.0616 0.0251 1.1580 -0.0032 -0.0103 0.15!)!) 
0.0631 0.0232 1.1540 -0.002G -0.0078 0.1559 
0.0627 0.0182 1.1449 -0.0033 -0.OOB8 0.14G7 
0.0579 0.0140 1.1357 -0.0080 -0.0106 0.1312 
0.0520 0.0137 1.1214 -0.013(; -0.0086 0.12:26 
0.0446 0.0150 1.1036 -0.0202 -0.007"1 0.1044 
0.0372 0.0191 1.00011 -0.02(;0 -0.0045 0.OB13 
0.031!,; 0.0232 1.0~79 -0.0295 -0.0037 0.0582 
0.02,,3 0.0246 1.0436 -0.0324 -0.0063 0.0437 
0.0257 O.O2~2 1.0350 -0.03:l1 -0.0119 0.0350 
0.0252 0.0<'23 1.0402 -0.0314 -0.0194 0.0401 
l...:c",~_-,~_~"~_L~"~_:,:~ . ~.::'~ .. ~ .. ' "_.:i~_~~~~c : -"~ __ ""-"~~.~~~~~L~~· .J 
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1805:23 to 1805:29 COT 
COT 
























































































































































































































































































































































-0.0206 -0.1074 -0.0424 
-0.016S -0.1160 -0.0356 
-0.0141 -0.1212 -0.0316 
-0.0102 -0.1217 -0.0387 
-0.0065 -0.1200 -0.0516 
-0.0023 -0.1157 -0.0656 
-0.0005 -0.1105 -0.0758 
-0.0032 -0.1036 -0.0752 


































t- .···.·.·~:1.2lITJ.l.:~·.~;~,~:ki_2·~~:::~.~:.~~:··~:iiLI.,jii:i~::iL~L~:.~.·. ~;iL~~~::~~~~~~~,;~~i~~}·. :i~li~~~~.~~,~.~~c~.·.·.:·~.j 
[f" ' ----..... -.--.-.--.-~. l 
[~.;:: 93 )1.5 Accelerations 
; 
1805:30 to 1805:36 CDr 
rOT -~ A. "I r U N "i Y L 
h m • \I 'l Q c;z \I \I \I Q II 
. '. 
1505 30 0.3520 0.3375 0.0030 1.0166 0.0606 -0.2584 O.O:H8 
.. 
-0.0010 1.02134 0.3491 0.0096 1.0424 0.0552 -0.2G56 0.0648 
.- 0.3861 0.3581 0.0120 1.0670 0.0676 -0.2696 0.0907 
0.0092 1.0742 0.3618 0.0163 1.0593 0.0708 -0.2655 0.0950 
0.3774 0.3589 0.0201 1.0576 0.0712 -0.2572 O.Oil49 
0.0153 1.0101 0.3572 0.01er. 1.0481 0.07~4 -0.2542 0.0755 
0.37139 0.3492 0.0140 1.0:;33 0.0636 -0.2566 0.0170 
-0.0030 1.0651 0.3361 0.0095 1.053G 0.0492 -0.2598 0.0837 
1605 31 0.3352 0.3200 0.0080 1.002·1 0.0341 -0.2557 0.0792 
0.0031 1.0284 0.~071 0.0129 1.059G 0.0232 -0.2447 o 075G 
0.3189 0.3057 0.0191 1.0670 0.0197 -0.2330 0.0852 
0.0194 1.0742 0.3080 0.0223 1.0916 0.0161 -0.2215 O. t t ~5 
0.3386 0.3142 0.0222 I. 1174 0.0145 -0.2226 0.1393 
0.0092 1.12:12 0.3165 0.0205 1.1226 0.0155 -0.2143 0.146fi 
0.3342 0.3146 0.0212 1. I 120 0.0165 -0.1999 0.1391 
0.0173 1.OC51 0.3130 0.0218 1.0963 0.0197 -0. la49 0.1251 
1805 32 0.3317 0.3127 0.0201 1.0699 0.0220 -0.1751 0.1202 
0.007 I 1.0634 0.3132 0.0192 1.1025 0.0205 -0.16'/8 0.1336 
0.3347 0.3113 0.0212 L 1174 0.0163 -0.1573 0.1493 
0.0194 1.1200 0.3071 0.0257 1.1357 0.0091 -0.144<: 0.IG7!) 
-:<: 
0.3195 0.2931 0.0293 1.1540 -0.0079 -0.1332 0.1635 
0.0234 1.1566 0.2746 0.0275 1.1517 -0.0233 -0.1250 0.1775 
0.2101 0.2504 0.0:?32 1.1357 -0.0339 -0.1193 0.1503 
r 0.0071 1.0834 0.:<475 0.0230 1.0905 -0.C312 -0.1063 0.1130 
1005 33 0.2650 0.2426 0.0263 1.0396 -0.OJ09 -0.088! 0.01;41 
0.0336 0.9644 0.2361 0.0350 0.90A7 "0.0123 -0.0694 0.0147 
0.2472 0.2272 0.0375 0.9434 -0.0076 -0.0560 -0.0305 
0.0255 0.S911 0.2103 0.0271 O.OS!16 -0.0001 -0.0546 -0.0852 
0.2:194 0.:1079 0.0140 0.0:;:44 0.0069 -0.0570 -0.1516 
-0.0132 0.7263 0.1954 -0.0099 0.7660 0.0115 -0.071:! -0.2125 
0.2035 0.1909 -0.0368 O. '1237 0.0175 "0.090S -O.25G~ 
-0.0763 0.6897 0.1903 -0.0505 0.7380 0.0147 -0.1018 -0.:431 
1805 34 0.2172 0.1940 -0.05:11 0.77~0 0.0105 -0.1016 -0.2069 
, ........ " 
-0.0437 0.8270 0.1954 -0.0415 0.8170 0.0024 -0.0892 -0.1637 
:>.2137 0.1967 -0.0346 0.84:17 -0.00:10 -0.0797 -0.1370 
-0.0417 0.1::270 0.2000 -0.0:149 0.8376 0.0026 -0.0158 -0.1415 
r ').2264 0.2007 -0.0359 0.0290 0.0049 -0.07'29 -0.1494 
-0.0458 0.7996 0.1375 -0.0406 0.6101 0.0056 -0.0731 -0.1604 
0.2086 0.1919 -0.0471 0.7878 0.0043 -0.0751 -0. :913 
-0.0641 0.7446 0.1866 -0.0551 0.7044 0.0008 -0.0797 -0.1953 
.'. 1805 35 0.2086 0.1921 -0.OS23 0.7969 -O.COO2 -0.01l30 -0.182 I 
-0.0763 0.8179 0.19BO -0.0149 0.0439 -0.0071 "0.0911 -0.1:148 
0.2274 0.2224 -0.C918 0.0977 0.0014 -0.0994 -0.0100 
-0.1:131 ().fl460 0.:2567 -0.1003 0.9772 0.0126 -0.0969 C..Ol06 
0.3261 0.2902 -0.0939 1.0670 0.0277 -0.0'171 0.1093 
-0.0905 1.'!JGG 0.3343 -0.0780 1.1534 0.0385 -O.032G C.2024 
0.3825 0.3G87 -0.0541 1.:1272 0.0521 0.0282 0.2812 
-0.0335 1.2665 0.4073 -0.0378 1.2616 O.OGO:! 0.0866 0.3210 
1805 36 0.4721 0.4393 -0.0297 1.2822 0.1067 0.1<:59 0.3436 
-0.0417 1.2665 0.4620 -0.02:'7 1.2856 0.1302 0.2031 0.3451 
0.4934 0.4646 -0.OC84 1.2914 0.1343 0.2711 0.3308 
0.0092 1.2848 0.4612 0.0026 I. 26 10 0.1428 0.3278 0.:1942 
.. 
0.4690 0.4434 0.0039 1.2043 0.1433 0.3551 0.2249 
-0.0173 1.0925 0.4216 -0.C031 1.1322 0.1424 0.351:; 0.1453 
0.4146 0.3966 -0.0074 1.0161 0.1341 0.3'i19 0.0834 
-0.0132 1.0284 0.3732 -0.0061 1.0734 O. i 140 0.3667 0.0746 
tc . ~ 
! ' t·, -"" -,-.,------.. ----- ... ---.- .. - .. _-.-





A.5 Acc(?lcrations 94 , 
" .. 1805:37 to 1805:43 clll' 
: -, 
-.' r u L .. .. z __ r 0 r _-A, ____ A_, ____ Al.._ • y -_.__ ._-----_. ._. 
h m ~ Q Q q Q \l <1 g II II 
------
t .::,-, 1805 37 0.3718 0.3673 -0.0053 I 1036 O.IOGG 0.3BI7 0.0935 ". -0.0132 1.147:; 0.371'/ -0.0103 1.1460 0.1054 0.3955 0.13:12 
0.oll'5 0.3079 -0.0Ill6 1. 176~ 0.111l4 0.3'153 0 1/j86 
";", 
-0.0397 1.1749 0.4017 '0 O~Gl 1.1700 0.1374 0.3805 0.1693 ',,",: 
0.4319 0.4021 -0 0298 1.1494 0.1449 0.35.t5 0 1563 
-0.0356 1.0925 0.3959 -0.0319 I 096~ 0.1524 0.3159 O. 1120 
0.3998 0.3781 -0.0368 1.03ol;) O.I!:;'<: 0 2G~!) 0.0599 
-0.0'339 0.9460 0.3592 -0.0353 0 9857 0.1.181! 0.2194 O.OI!H 
1805 39 0.356G 0.3439 -0.0:167 0 9525 O. "i82 0.1939 -0 0149 
-0.0152 0.9271 0.3320 '0.0127 0.9537 0.1439 0.IG13 -0 0135 
0.3454 0.3331 -o.oon 0.9617 o.l!;oa 0.1342 -0 C025 
-0.0051 0.964·1 0.3394 0.OC6G 0.98G9 0.IG03 O.IOG3 o 0258 
0.3734 0.3487 0.0181 1.0167 0.1733 0.0830 0.0577 
0.0255 1.0376 0.35019 0.02')' 1.0310 0.I8GG 0.05')8 0.0130 
0.3764 0.35S6 0.0375 1.0304 0.I98B 0.0390 0.0717 
0.0336 0.9918 0.3556 0.04(;1 0.5749 0.2190 0.0206 0.0152 
IB05 39 0.3749 0.33!)3 0.0577 0.8977 0.2249 0.0154 -0.0654 
O.OGiil 0.1721 0.3125 0.0714 0.7724 0.2234 0.0214 -0.19ol4 
0.2ROO 0.:'(,07 0.0532 0.6368 0.2023 0.OJ34 -0.3347 
0.oa45 0.4700 0.:1:240 0.08'17 0.5114 O. 1762 0.0376 -0.4648 
0.1979 0.1929 0.0812 0.4033 0.1593 0.0390 -0.5762 
0.0621 0.3052 O.I7IS 0.0704 0.35HI 0.1461 0.0298 -0.1;312 
0.11l57. 0.16G2 0.05sa 0.n09 O. !457 0.0208 -0.r.G45 
0.0417 0.3052 0.160S 0.050B 0.3260 O. "2'7 -Q.009S -0.6620 
1805 40 0.1760 0.1651 0.0·t25 0.334G O. '''88 -O.OCOG -C.C55:1 
0.0275 0.332G 0.17'33 O.0.t:16 0.3706 0.1595 -0.OO5R -0.6:100 
0.2147 0.1923 O.O¢lG 0.4215 0.1763 -0.0075 -0.5690 
0.0519 0.4791 0.2076 0.C5:!6 0.4902 0.1!J09 -0.0124 -0.<192'3 
0.2406 0.2203 0.0527 0.5772 0.2024 -0.0221 -0.':1.\3 
0.0377 0.1;439 0.2:128 0.0410 0.6201 0.2148 -0.038G -0.3733 
0.2650 0.2427 0.02G3 0.6J67 0.2:147 -0.0541 -0.35'14 
-O.OO!O 0.59£)\ 0.:25\\ 0.0164 0.6224 0.2337 -0.0596 '0.3731 
\BOS 41 0.2772 0.:1563 O.OIBI 0.6138 0.239\ 
-0.0560 -0.3S·6 
0.0214 0.5981 0.:1608 0.0255 0.6172 0.2435 -0.0472 -0.37'0 
0.2844 0.2632 0.0303 0.6230 0.2459 -0.040e -0. :)7(,6 
0.0234 0.G'64 0.:<649 0.0271 0.6167 0.241l1 
-0.0407 -0.3771 
0.2854 0.2531 0.0211 O.GOOI 0.2"';5 -0.0';19 -0.39 .. ~ 
0.0031 0.55:14 0.25')0 O.Olno O.SIlIS O.~455 -0.0294 -0 4130 
0.2742 0.:<571 0.0222 0.5727 0.24-17 -0.03:'4 -0.4223 
0.0255 0.5615 0.2563 0.0296 0.57139 0.245::: 
-0.0225 -0.4162 
1805 42 0.2783 0.2575 0.0344 0.5864 0.2409 -0.0152 -0.4.031 
0.0275 0.5798 0.25e3 0.0343 0.6092 0.2514 
-0.0141 -C.3il71 
0,2783 0.:1690 0.0334 0.641:1 0.2638 -0.0145 -0.3558 
0.0234 0.6714 0.2868 0.0351 0.71~8 0.2837 -0.0147 -~:l. ~B5:' 
0.3352 0.3120 0.0395 0.e015 0.:!1:!:! -0.0120 -1).1974 
0.0::197 0.9003 0.3374 0.0407 0.3954 0.3397 -O.CI \'I -O.IO·IG 
0.3795 0.3553 0.0375 0.9755 0.3626 -0.0136 -0.02(;6 
0.0194 1.0193 0.3704 0.0:177 0.9989 0.30 .. 3 
-0.0IB5 -O.OCG' 
f IIlOS 43 0.40'3 0.3734 0.0 Ill! 0.3983 0.3953 -0.0223 -0.010:! 
f 
0.0010 0.9460 0.371 I O.OOGG 0.9754 O.39D9 -0.0274 -0.0364 
0.3810 0.:lGI8 -0.0064 0.9S17 O.:J:HI "0.(;346 -0.0529 
-0.0::195 0.9460 0.3531 -0.0170 0.9:;!)3 0.3954 -0.0395 -0.0590 
0.3G5:2 0.3·1:;S -O.O:!47 0.9545 0.:)946 
-0.0413 -0.0672 
-0.0355 0.0217 0.3391 -0.0241; 0.9291 o.:ls:;a 
-0.0351 -O.OS:20 
0.35::10 0.32!?9 -0.0226 0.13977 0.3809 -0.027G 
-0. '253 












95 A.5 Ac..·ctdCz-dt:ions 
r [) T A, 
~ m \ 
























1805 50 0.3123 
0.2264 
0.241 I 






















































1805:4.1 to 1805:511 eDT 
_l ____ 1L ___ iL -.~.---y-----~-






























































































































































































































































































-0.51 I I 

















































1805:51 to 1805:57 e[lT 
, 01 












_ A~ ___ A,-____ A.J._ 







































































































































































1. 4 115 
1.4882 
1.6284 















































o. ~ 1S'l 











































































































































































APPENDIX 6 THREE-COMPONENT \VINDS 
Three-component winds in this table 
They arc in the direction of run~ay (u), 
(w). dd ff arc wind direction and speed} 
are relat i \'c to Runway 171.. 
cross runway (v), and vertical 
COT 







mil Ip, Us 
3.1 10 G 
3. I 10 {; 
3.1 10 6 
3 0 10 6 
3.0 10 G 
l.O 10 G 
3.0 10 6 







































































































""s IPi Us 
4;4 14 
., 3 14 
4.:l 14 
4.3 14 
4.3 1 .. 
01.3 14 
.t. J 14 
4.3 14 
4.4 14 




4. J 14 
4. J 14 
4.:2 14 
















































2.9 !J 6 
2.9 9 6 
2.9 9 6 
2.9 10 6 
2.9 10 6 
:2.9 10 6 
3.0 10 6 
3.0 10 G 
2.9 10 G 
2.9 9 6 
2.9 S (; 
2.B 9 5 
2.8 9 5 
2.0 9 5 
:1.a 9 5 


































































































1.0 3 ") 
0.9 J 2 
0.9 3 2 
0.9 3 2 
0.9 3 2 
O.B J 2 
0.0 3 2 
o.e 3 :1 
0.8 3 :2 
o.a 3 :2 
0.9 3 2 
O.S J 2 
t.O 3 2 
1.0 3 2 
1.1 4 2 
1.2 4 :2 

















































































































































































































t -',,,~::::::;,.,,;;:;""'.";"'"'~~---::;:;:;::;::.~,,~ .. ,~~~~::::;;~-;;;:;;;-~~~ :::;;:.:':;~~~ ~. ~ .. ~ .. ~~-. ~",l 
1805:02 to IdOS:OB CIIT 
COT 













































































































-0.7 -1 0 
-0.8 -2 -1 
-0.9 -2 -1 
-1.0 -2 -1 
- I. 1 -3 -1 
-1.1 -3 - 1 
- 1. 1 -3 -1 
- t ~ 1 -3. - t 
-1.1 -3 -1 
-1.2 -3 -I 
-1.2 -3 -1 
-1.:2 -3 -I 
-1.3 -3 -2 
-1.4 -:; -2 
-1.5 ·-4 -2 
- 1. 6 -4 -2 























































































































































































I. 7 6 
































































3.4 t 1 
3.4 11 
3.4 11 









































































































7· 135 3 
i 136 3 
7 138:3 
7 142 3 
7 147;j 
7 150 3 




































































































-1 3 -2 
-1.4 -2 




























































































































m," I p. kll 
-1.7 -4 -2 
-1.7 -5 -2 
-I.e -5 -3 
-1.9 -5 -3 
-1.9 -S -3 
-2.0 -6 -3 
-2.1 -6-3 
-2.1 -6-3 
-2.2 -6 -3 
-2.3 -7 -3 
-2.4 -7 -4 
-2.5 -7 -4 
-2.6 -8 -4 
-'.6 -8 -4 
-2.9 -9 -S 
-3.0 -9 -5 
-3.1 -9 -S 
-3.2 -10 -5 
-3.4 -10 -6 
-J.5 -10 -6 
·J.G -11 -6 
-3.7 -11 -6 
-3.8 -II -6 
-3.9 -1:1 -6 
-3.9 -12 -" 
-4.0 -12 -7 
-4.1 - 12 -7 
-4.1 -12 -7 
-4.1 -13 -7 
-4.1 -13 -7 
-4.1 -j;> -7 
-·1.0-.2 -7 
- ... 9 -12 -7 
-3.B -'2 -6 
-:?7-11 -6 
-3.6 -II -6 
-3.5 -'0 -6 
-3.4 -10 -6 
-J.3 -10 -5 
-3.2 -10 -5 
-3.1 -9 -5 
-3.1 -9 -5 
-3. I -9 '-5 
-3.1 -9 -5 
-3.1 -9-5 
-3.2 -9 -5 
-3.3 -10 "S 
-3.4 - 10 -6 
-3.G -II -6 
-3.7 -11 -s 
-3.9 -1~ -7 
-4.1 -12 -7 
-4.2 -13 -7· 
-4.4 -'oO -8 
-4.G -14 -8 
-4.9 -IS -9 












































-o.S -1 0 
-0.6 -, 0 
-0.1l -2 -1 
-0.9 -2 -1 
- 1.0. -2 -I 
-1.1 -3 - I 
-1.1 -3-1 
-'.1 -3 -1 
-1.2 "3 - I 
-1.2 -3 -1 
-1.3 -3 -1 
-1.4 -4 -2 
-1.6 -4 -2 
-1. 7 . -5 -2 
-1.9 -5 -3 
-2.1 -6 -3 
-:1.3 -7 -3 
-2.5 -7 -4 
-2.6 -3 -4 
-2.7 -8 -4 
-2.8 -8 -4 
-2.9 -9 -S 
-:;.0 -9 -5 
-J.O -9 -5 
-3.0 -9 -5 
-3. I -9 -5 
-3. I -9 -5 
-3.! -9 -5 
-3.1 -9 -5 
-3.0 -9 -5 
-2.9 -S -5 
-2.8 oil -4 
-2.8 
-2.7 



















3 7 12 
3.0 13 
4.0 13 
4. I 13 
4.2 14 
4.3 14 





























I. 2 4 














































































































































-I. 9 -3 




























































































-0. ':! -, 
-1.0 -1 
- ~ .! - , 
-1.3 -1 
- 1..1 -2 









-2. a - 4 
-2.1l -4 





















r I I I 
I 
I 
1805:16 to 1805:22 ((IT 
COT 
h m s m/$ fp! kls 
-------
1805 lG -5.2 -IS -9 
-5.5 -Ii -10 
-s.u -18 -10 
-6.2 -19 -I' 
-6.5 -:20 - 12 
-6.3 -21 -I' 
-7 :2 -23 -13 
-7.6 -24 -14 
180S 17 -B.O -25 -15 
-5.5 -27 -IS 
-8 9 -28 -16 
-P..4 -30 -17 
·9.9 -31 -1B 
-10.3 -33 -19 
-10.7 -34 -20 
-,1.0 -35 -20 
laos Ie -11.3 -36 -21 
- I 1.6 -37 -22 
-11.9 -3B -22 
-12.1 -39 -22 
-12.2 -39. -23 
-12.3 -40 -23 
-12.4 -40 -2::1 
-12.4 -40 -23 
1805 19 -12.3 -39 -23 
-12.1 -39 -23 
-t1.9 -3e -21 
-11.5 -37 -21 
-11.0 -35 -:10 
-,0.5 -34 -19 
-10.0 -32 -18 
-9.6 -30 -18 
lB05 20 -9.2 -29 -11 
-fl..9 -26 -IG 
-8.7 -27 -16 
-8.5 -27 -16 
-8.5 -27 -15 
-8.4 -27 -15 
-B.4 -27 -IS 
-B.4 -27 -IS 
1305 2~ -13.3 -2G -IS 
-8.2 -2G -IS 
-8. I -25 -15 
-7.B -25 -14 
-7.6 -24 -14 
-7.4 -23 -13 
-7.2 -23 -13 
··7.1-22-13 
lS05 22 -7. I -22 - 13 
-1.2 -23 -13 
-7.4 -23 -13 
-7.7 -24 -14 
-8.0 -25 -15 
-8.4 -26 -IS 
-[1.7 -20 -16 
-9.0 -:2B 16 
-2.8 -8 -5 
-2.9 -~ -5 
-3.1 -9 -~ 
-3.3 -10 -5 
-3.6 -11 -6 
-3.9 -1:1 -7 
-4.0 -12 -7 
-3.9 -12 -7 
-3.B -11 -6 
-3.5 -" -6 
-3.3 ~;l .. I"! 
-2.9 .... _. :., 
-2.E -7 -4 
-2.3 -7 -3 
-2. 1 -6 -3 
-1.9 -:. -3 
-1.7 -5 -2 
-1.5 -4 -2 
-1.3 -3 -1 
-1.1 -3 -I 
-1.0 -2 -1 
-0.9 -2 -I 
-0.7 - I 0 
-0.5 -I 0 
-0.3 0 0 
-0.1 0 0 
0.1 0 0 
0.4 I I 
<.J.E 2 I 
0.7 2 1 
O.B 3 2 
0.9 3 2 
0.8 :; 2 
0.7 2 1 
0.5 2 I 
0.3 1 1 
00 0 0 
-0.3 0 0 
-0.7 -I 0 
-1.1 -3 -1 
-1.13 -4 -2 
-2.0 -6 -3 
-2.4 -7 -4 
-2.7 -B -4 
-2.9 -9 -5 
-3. 1 -9 -5 
-3.2 -9 -r, 
-3. 1 -9 -s 
-2.8 -B -5 
-2.G -I> -4 
-:1.4 -7 -4 
-2.3 -7 -3 
-2.1 -6 -3 
-1.9 -5 -3 
- I .7 -s -2 
-1..' -4 -2 
--------------------
A.6 Thrue-cor.;poncnt lolinds 100 
0:.::1 If 
mI. Ips t.t> ___ d..:.Q:......_'~ ___ m_l_s __ k._'_S ___ "'_. _/S __ k_I_'_ 
1. 2 4 '2 
0.:'> 1 0 
-0.9 -2 -I 
-2.2 -G -3 
-3.3 -10 -5 
-4.3 -13 -"/ 
-S.1 ··16 -9 
-S.6 -11 -10 
-S.3 -18 -10 
-S.B -IB -10 
-5.6 -17 -10 
-5.4 -17 -9 
-5.1-16-9 
-4.S -15 -8 
-4.7 -IS -6 
-4.7 -14 -a 
-4.6 -I': -8 
-4.6 -1.1 -8 
-4.G -14 -B 
-4.5 -14 -S 
-4.4 -13 -8 
-4.3 -13 -7 
-4.2 -13 -7 
-4.3 -13 -., 
-4.3 -13 -7 
-4.5 -14 -B 
-4.7 -1~ -8 
-4.9 -15 -9 
-5.1 -16 -9 
-5.4 -17 -9 
-5.7 -18 -10 
-G.O -19 -11 
-G.3 -:20 -11 
-G.5 -20 -12 
-G.G -21 -12 
-G.G -21 -12 
-G.5 -:;'0 ·12 
-6.3 -20 -'' 
·-6.0 -19 -11 
-5.7 -IS -10 
-5.5 -17 -10 
-5.4 -17 -10 
-5.4 -17 -10 
-5.5-17-'0 
-5.7 -,8 -10 
-5.8 -18 -10 
-5.8 -IS -10 
-5.G -\1 -10 
-5.-1 -17 -9 
-S.2 -16 -9 
-5.0 -·IG -9 
-5.1 -16 -3 
-5.2 -16 -9 
-5.4 -17 -9 
-5.5 -17 -10 































































-7 .. 4 -13 









































-7. I -I:' 
-7.;: -13 



















- 1.8 -2 
-1.6 -2 








-0. I 0 





























- 1. 8 -3 
-1. 7 -2 
-I. G -2 
- - ----------.-----.,-------~--.-~~ 
-.- ~: ............ -- --." .-._ ............. _ •• 4 ~ • __ .... _._ •• 
l. 
, . 
101 A.6 Thn.'c-cc71poncnt Ivinds 
cor 










-9.0 -:28 -16 
-~." -21 - 16 
-8.~ -26 -15 
-7.8 -2~ -14 
-7.3 -23 -13 
-C.9 -22 -12 
-6.!:> -'}O -12 
-C.2 -19 -11 
-6.0 -I') -II 
-5.9 -It I -~O 
-5.8 -18 -lQ 
-5.7 -18 -10 
-S.C -17 -10 
-5.5 -17 -10 
-5.4 -'7 -10 
-5.3 -~€i -9 
-5.1 -16 -9 
-4.9 -15 -9 
-1.7 -15 -8 
-·1.5 -14 -8 
-4.3 -.13 -7 
-·1.0 -12 -7 
-3.:! -12 -6 
-3.6 -11 -/; 
-3.4 -10 -6 
-:;'2 -10 -5 
-3.1 -9 -5 
-3.0 -9 -5 
-2.'1 -9 -5 
-2.B -6 -~ 
-2.7 -8 -4 
-2.5 -7 -4 
-2.2 -6 -3 
-1'.9 -5 -:; 
-1.6 -4 -2 
- 1 .2 -3 - 1 
-0.7 -1 0 







































m/~ fpo ~,s 
- 1.7 -4 - '} 
-1.C· -4 -;.. 
- 1.4 -4 -2 
-1.3 -3 -2 
-1.4 -2 
-I.C -4 -2 
-1.8 -!I -2 
-' 9 -5 -3 
-2.0 -5 -3 
-2.1 -6 -3 
-2.1 -6 -3 
-1.9 -5 -3 
-1.5 -4 -2 
-1.2 -3 -1 
-0.9 -2 -, 


































































0.·.\ ·3 2 
0.'· .l 
0.·; I I 
v.' 0 0 
-0.;> 0 0 
-0.' -I 0 
-0. -: .- I 0 
-1.0 -2 -, 
1805::!3 to 1805:29 COT 
WoCQrllponent Wine dd H 




-5.4 -17 -9 
-5.1 -16 -9 
-·1.5 -14 -8 
-3.9 -12 -7 
-3.4 -10 -6 
-3. I 9 -5 
-3. 1 -9 -5 
-3.3 -to -5 
-3.6 -II -6 
-3.9 -12 -7 
-4.3 -13 -7 
-4.7 -15 -B 
-5.3 -16 -9 
-5.8 -18 -to 
-6.3 -20 -11 
-G.8 -2·; -12 
-7.5 -23 -13 
-8.1 .-26 -15 
-B.6 -21 -16 
-9.0 -29 -16 
-9.2 -29 -17 
-9.3-30-17 
-9.3 -30 -n 
-9.3 -30 -17 
-9.3 -30 -Ii 
-:1.5 -30 -17 
-9.n -31 -10 
-10.1 -32 -19 
-10.5 -33 -19 
-10.1 -34 -20 
-11.0 -35 -;10 
-11.2 -3G -21 
-11.3 -36 -:n 
-11.5 -37 -':!1 
-11.5 -37 -;.!1 
-11.5 -37 -21 
-11.4 -36 -21 
-11.3 -3; -21 
-11.2 -36 -:1 1 
-11.0 -35 -:;>0 
-to.8 -34 -20 
-10.5 -3: -19 
-10.4 -33 -19 
-10.3 -33 -19 
-10.2 -33 -19 
-10.1 -32 -19 
-9 !l -32 -18 
-9.9 -32 -18 
-10.0 -32 -HI 
-10.1-32-19 
-10.1-32-1P 
-10.2 -32 -,9 
-10.2 -33 -19 
-10.2 -33 . 19 
-10.1-3'-1" 








































































-5.9 _ • ., 





























































- 1. 6 -2 




-1. B -3 




-2 .. 0 -3 
-1.6 -2 
-1.2 -I 











































































1 ... 05:30 to 1805:36 COT 
COT 










































-5.9 -18 -11 
-(,.3 -20 -11 
-6.5 -20 -12 
-6.7 -21 -12 
-6.9 -21 -12 
-6.9 -22 -12 
-6.8 -21 -12 
-6.6 -21 -12 
-G.4 -20 -11 
-6.0 -19 -11 
-5.G -17 -10 
-5.1 -16 -9 
-4.7 -14 -8 
-4.3 -13 -7 
-3.9 -12 -7 
-3.5 -11 -6 
-3.2 -10 -5 
-3.1 -9 -5 
-2.9 -9 -5 
-2.8 -8 -4 
-2.7 -8 -.1 
-2.7 -8 -4 
-2.7 -8 -4 


































m/s Ips ~.ts 
-1.2 -3 -1 
-1.6 -4 -2 
-1.9 -5 -3 
-2.2 -6 -3 
-2.5 -7 -<1 
-2.& -8 -,. 
-3.0 -g -5 
-3.4 -10 -6 
-3.6 -11 -6 
-3.9 -12 -7 
-4.2 -13 -7 
-4.5 -14 -6 
-4.9 -15 -8 
-5.1 -16 -9 
-5.2 -16 -9 
-5.3 -16 -9 
-5.4 -17 -10 
-5.6 -17 -10 
-5.7 -18 -10 
-5.3 -18 -10 
-5.9 -18 -10 
-6.1 -19 -1~ 
-6.4 -20 -11 
-6.6 -21 -12 
-6.6 -21 -12 
-6.5 -20 -12 
-6.2 -19 -11 
-6.0 -19 -11 
-5.9 '-18 -11 
-5.8 -18 -10 
-5.6 -17 -10 
-5.4 -H -9 
-5.4 -17 -9 
-5.7 -18 -10 
-5.9 -18 -10 
-13.0 -19 -11 
-6.2 -19 -11 
-6.7 -21 -12 
-7.4 -23 -13 
-8.4 -27 -15 
-9.5 -30 -18 
-10.7 -34 -20 
-11.5 -37 -21 
-11.8 -38 -22 
-1'.S -38 -22 
-11.3 -36 -21 
-10.3 -33 -19 
-8.8 -28 -16 
-1,.8 -21 -12 
-4.9 -15 -9 
-3.2 -9 -5 
-1.6 -4 -2 
-0.0 0 0 
1.3 4 3 
:.3 a 5 
3.0 10 6 
A.6 Three-component winds 102 
w·comconen1 wind 
m/s fps ~~s 
-9.6 -31 -18 
-9.4 -30 -17 
-9.3 -30 -17 
-9.4 -30 -17 
-9.5 -30 -17 
-9.6 -31 -18 
-9.7 -31 -18 
-9.8 -31 -18 
-9.8 -31 -18 
-9.8 -31 -IB 
-9.6 -31 -18 
-9.4 -30 - 1'1 
-9.0 -29 -17 
-8.7 -27 -16 
-8.3 -26 -15 
-8.0 -25 -15 
-7.7 -24 -14 
-7.5 -23 -14 
-7.3 -23 -13 
-7.2 -23 -13 
-7.2 -23 -13 
-7.3 -23 -13 
-7.5 -24 -14 
"7.8 '·25 -14 
-8.2 -26 -15 
-a.6 -27 -Ie 
-9.0 -29 -17 
-9.5 -30 -17 
-9.9 -31 -10 
-IC.2 -32 -19 
-10.5 -33 -19 
-10.9 -35 -:20 
-11 .4 -36 -21 
-11.9 -38 -22 
-12.4 -40 -23 
-13.0 -42 -24 
-13.6 -43 -25 
-13.9 -44 -26 
-13.7 -44 -26 
-13.'3 -43 -25 
-12.6 -40 -24 
-11. 7 -37 -22 
-10.5 -33 -19 
-9.1 -:29 -17 
-7.6 -:24 -14 
-6.1 -19 -11 
-4.5 -14 -8 
-2.3 -9 -5 
-1.G -4 -2 
-0.5 -1 0 
0.6 2 1 
1.0 G 3 
2.6 9 5 
3. G 12 7 
4.4 14 Il 
5.1 17 10 
<::d If 































































-1. 1 - 1 
- 1. 4 -2 
-1.8 -2 




























- 1. 9 -3 
























- 1. 9 -3 
-2.3 -3 
-2.5 -4 



















































103 ¥'1.6 TlJrcc-compo:u:mt h'.illds 
1805:37 to 1805:43 COT 
COT u-compontnl wln~ .-COmP<l<'e~1 w.nd .. -cc:npor.enl wind d:l If Tall."nd Crosswmd 
h m s m/S fp~ kI~ m/s 'ps kls m/: fps kls deQ ~h m/s Us mfs ~Is 
1805 37 9.9 -., ... 19 3.4 11 7 5.7 19 11 20 :W 9.2 10 5.0 10 
&.8 32 1:;) 3.7 12 7 6.0 20 '12 21 20 9.1 18 5.2 10 
9.5 31 18 ~L8 12 7 5.~ 19 12 22 :.'0 B.R 17 5.2 10 
9.0 30 17 3.5 12 7 5.7 19 11 22 19 8.3 16 4.9 9 
B.4 2B 16 3.3 11 6 5.4 lB 10 22 1i 7.S I'; 4.5 9 
7.7 25 15 3.0 10 G 5.2 17 10 21 IG 7.2 14 4.0 8 
7.0 23 14 2.6 S 5 5.0 16 10 20 14 G.G 13 3.5 7 
G.3 21 12 2.0 7 4 4.9 16 10 lB 13 6.0 12 :/..8 6 
1805 3t} 5.7 Hl 1 , 1.4 4 :I 5.0 16 10 14 11 5.5 1\ 2.1 4 
5.3 17 10 0.5 2 1 5.4 18 10 G 10 5.2 10 1.2 2 
5.0 16 10 -0.4 0 0 ~.9 19 11 356 10 5.0 10 0.2 0 
4.9 16 9 -1.4 -4 -2 G.3 21 12 344 10 5.0 10 -0.9 -1 
4.9 16 9 -:/.5 -7 -4 G.7 22 13 333 11 5. I 10 -2.0 -3 
5.0 lG 10 -3.6 -11 -6 6.9 23 13 324 12 5.3 10 -3.1 -5 
5.1 17 10 -4.7 -14 -8 1;.9 23 13 3111 13 !L6 11 -4.1 -7 
5.3 17 10 -5.G -17 -10 G.8 22 13 314 15 ti.8 11 -5.1 ~9 
1805 39 5.5 18 11 "<G.4 -20 -11 G.'" 21 12 311 lG G.l 12 -5.G -10 
.~~ 5.6 lB 11 -G.9 -22 -12 5.8 19 11 309 17 G.3 12 '6.3 -11 
5.7 19 11 -7.1 -22 -13 5.0 16 10 309 18 6.3 12 -G.G -12 
! 
5.7 19 1\ -7.2 -23 -13 3.9 13 8 309 18 G.4 12 -G.7 -12 
=:~ . 5.7 19 \1 -7.2 -23 -13 2.G 9 5 309 IS 6.3 12 -6.G -12 5.6 18 11 -G.9 -22 -12 1.3 4 3 310 17 6.2 12 -13.3 - 11 , 
5.G 18 11 -6.4 -20 -11 0.3 1 I 31\ 1'1 6.' 12 -5.9 -10 
t:~"; 5.6 18 11 -6.0 -19 -11 -0.6 -I 0 313 16 6.1 12 "5.4 -10 
1805 40 5.7 19 11 -5.7 -18 -10 -1.3 -3 -2 315 16 G.2 12 '..5. I -9 
5.9 19 11 -5.5 -17 -10 -2.0 -6 -3 317 16 6.4 12 '-4.9 -9 
6.2 20 12 -r.3 -16 -9 -2.13 -6 -4 320 16 G.7 13 -4.7 -S 
G.B 22 13 -5.0 -15 -9 -:L:2 -9 -5 324 16 7.2 14 -'.1.3 -7 
7.5 25 15 -4.7 -15 -8- -:1.7 -1\ -6 32B 17 7.9 15 -3.9 -7 
B.4 20 1G -4.5 -14 -8 -4.4 -13 -7 332 13 S.B 17 -3.6 -G 
'. ~, 9.4 31 18 -4.3 -13 -7 ·-5.1 -16 -9 335 20 9.S 19 -3.3 -5 
10.4 34 20 -4.2 -13 -7 -5.9 -IS -II 3:S 22 10.8 21 -3.0 -5 
lS05 41 11.5 39 22 -4.0 -~2 -7 -G.G -21 -12 341 24 II.B 23 -2.7 -4 
12.4 41 24 -3.S -12 -G -7.1 -22 -13 3·13 25 12.0 :!5 -2.4 -4 
,:,'- 13.3 44 26 -3.8 -II -6 -7.4 -23 -13 344 27 13.6 26 -2.3 -3 
14.0 41:' 27 -3.S -12 -7 -7. '1 -24 -14 345 2S 14.::1 ~8 -2.3 -;,r 
',. 14.5 48 2S -4.0 -12 -7 -7.7 -24 -14 345 29 14.9 29 -2.3 -4 
15.0 4S 29 -4.1 -13 -7 -7.7 -24 -14 345 30 15.4 30 -2.4 -4 
15.5 51 30 '-4.1 -13 -7 -7.4 -23 -13 345 31 15.8 31 -2.3 -3 
15.9 52 31 -4. I -13 -7 -G.9 -22 -12 346 32 16.3 32 -2.3 -3 
1805 42 16.3 54 32 -4.3 -13 -7 -6.2 -19 -11 346 33 16.7 32 -2.3 -3 
lG.8 55 33 -4.5 -14 -S -5.2 -16 -9 345 34 17.2 33 -2.4 -4 
17 .2 57 33 -4.6 -14 -B -4.0 -12 -7 345 35 17.7 34 -2.5 -4 
17.7 !:is 34 -4.7 -14 -0 -2.7 -3 -4 345 36 18.2 35 -2.5 ··4 
13.::! GO 35 -4.6 - •. ..t -0 -1.3 -3 -:2 34G 37 18.7 36 -2.:J -3 
i IS.7 61 36 -4.4 -13 -7 -0.1 0 0 347 37 19.1 37 -2.1 -3 19.2 63 37 -4.1 -12 -7 1.0 ::I 2 346 3e 19.5 36 -1.7 -2 
! 19.6 64 36 -3.7 -11 -6 1.9 6 4 350 39 19.9 39 -1.3 -.1 
• 1605 43 19.9 GS 39 -3.·2 -10 -6 ~.6 9 5 351 39 20.2 39 -0.9 -1 
C' 
t ~ 20.2 66 39 -3.2 -9 -5 3.2 10 ;; 351 ~o 20.4 40 -0.6 0 
t 20.3 67 39 -3.0 -$ -5 3.4 11 7 352 40 :20.5 ..,0 -0.4 0 
l: 20.3 G7 39 -'-2.G -0 -4 3.4 11 7 3:52 40 :!O.5 40 -0.2 0 
r' ~ :10.:2 66 39 -2.7 -8 -4 3.3 II 6 353 40 20.4 40 -0.1 0 , . 9 20.1 G6 39 -2.7 -8 -4 :3 ~ 11 ii :JS3 ::'19 :0.3 39 -0.1 0 ." ~ 20.0 66 39 -2.6 -0 -4 3.2 10 6 '353 3:; :W.2 39 -0.0 0 
















L., ..• "l·ci,·;:·~.~~~-,-,JE.~~~i~~~~.:~~~:';i1£,;;~~L .. _~:L;;s: .. -,L.~~j~i.:.'.:.2·;···~~_~~LL~'·~·:,b'· ~.~~ ... -.':~~:·~:i,~J 
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1805:44 to 180S'SO CDT 
COT 




m/S Ips Us 
20.0 66 39 
20.1 6G 39 
20.3 67 40 
20.6 68 40 
:20.8 68 40 
:1 t .1 69 .; 1 
21.3 70 41 
21.67142 
2'.8 72 42 
22.0 72 43 
22.1 72 43 
22.17343 
22.1 73 43 
22.0 72 43 
21.9 72 43 
21.8 72 42 
1805 46 21.8 71 42 
21.7 71 42 
21.7 71 4' 
21.7 71 42 
21.87142 
21.87242 
21.9 72 42 
21.9 72 43 
1805 47 22.0 72 43 
22.2 73 43 
22.3 73 <13 
22.5 74 44 
22.7 74 44 
22.9 75 44 
23.0 76 45 
23.2 76 45 
1805 48 :3.3 76 45 
:3.4 77 45 
:'3.4 77 45 
23.5 77 46 
:1.5 77 46 
23.6 78 46 
23.7 78 46 
23.7 78 46 
lB05 49 23.S 78 46 
23.6 78 46 
23.3 77 45 
22.8 75 44 
22.0 72 43 
21.3 70 41 
20.6 63 40 
19.9 65 39 
lB05 50 19.5 64 33 
19.4 64 3S 
19.G 64 38 
20.2 £6 39 
20.3 69 41 
21.8 72 42 
22.8 75 44 
23.7 78 46 
m/s f ps kts 
-2.4 -7 -4 
-:!.2 -6 -3 
-2.3 -7 -4 
-2.7 -8 -4 
-3.4 -w -6 
-4.1 -13 -7 
-4.6 -14 -8 
-5.0 -15 -9 
-5.4 -17 -9 
-5.6 -17 -10 
-5.7 -18 -10 
-5.5 -17 -10 
-5.1-16-9 
-4.7 -14 -8 
-4.3 -13 -7 
-3.8 -11 -6 
-3.2 -10 -5 
-2.6 -7 -4 
-1.8 -5 -3 
-1.1 -3 -1 
-0.6 -1 0 
-0.2 0 0 
0.0 0 0 
0.1 0 0 
0.3 1 1 
0.4 1 1 
0.6 :1 1 
0.6 2 1 
0.5 :1 1 
0.3 1 1 
0.0 0 0 
-0.4 0 0 
-0.8 -2 -1 
-1.4 -4 -2 
-1.9 -5 -3 
-2.1 -6 -3 
-2.0 -6 -3 
-1.4 -3 -2 
-0.7 -1 0 
-0.2 0 0 
0.::' 1 1 
0.9 3 2 
1.5 5 3 
\.9 6 4 
:.1.1 7 .l 
2.2 7 4 
2.4 8 5 
















A.6 Three-co~ponent winds 104 
w·ccmponent ,,'ind 
m/s ips kt: 
2.3 9 5 
2.4 8 5 
1.9 6 4 
1.3 4 :1 
0.4 1 1 
-Cl.6 -1 0 
-1.6 -5 -3 
-3.0 -3 -5 
-4.3 -13-7 
-5.7 -18 -10 
-7.1 -22 -:3 
-8.'; -27 -16 
-5.9 -31 -10 
-11.0 -35 -:10 
-12.0 -38 -22 
-12.8 -41 -24 
-13.2 -42 -25 
-13.5 -43 -:H; 
-13.5 -43 -25 
-13.4 -43 -25 
-13.1 -42 -25 
-1:2.7 -41 -24 
-12.1 -39 -23 
-11.4 -36 -21 
'·'0.5 -33 -19 
-9.4 -30 -17 
-G.3 -26 -15 
-7.1 -22 -13 
-5.8 -18 -10 
-4.6 -14 -8 
-3.3 -to -6 
-2.1 -6 -3 
·'0.9 -2 -1 
0.2 1 0 
:'1 3 2 
1.8 6 3 
2.5 8 5 
3.1 10 G 
3.13 12 7 
4.1 13 8 
4.6 15 9 
5.2 17 10 
5.7 19 11 
5.9 19 11 
6.0 20 1:<! 
6.0 :10 12 
5.9 19 11 
5.6 16 11 
5.0 17 10 
':.4 14 9 
3.0 13 ., 
3.~' 11 6 
2.7 9 :; 
2.2 7 4 
1.9 b 3 




















































































































































































105 A.6 Three-comPO!H~l1t winds 
COT 








u..l' mpor,ent ..,Ind 
ml~ Ips kls 
24.6 81 48 
25.2 03 49 
25.S 85 50 
26.1 66 51 
26.3 86 51 
26.4 87 51 
26.3 86 51 
26.1 06 51 
25.8 05 50 
25.4 03 49 
25.0 82 49 
24.5 80 46 
24.0 79 47 
23.6 77 46 
23.3 16 45 
23.0 76 45 
22.7 75 44 
22.3 73 43 
21.7 71 42 
20.8 68 40 
lS.8 65 33 
16.7 . 61 36 
17.7 56 34 
lG.8 55 33 
16.2 53 31 
15.9 52 31 
15.9 52 31 
16.1 b3 31 
16.5 54 32 
17.0 56 33 
17.5 57 34 
10.0 59 35 
15.3 60 36 
16.7 61 36 
19.0 62 37 
19.3 63 37 
19.4 64 38 
19.5 64 38 
1!:l.5 64 38 


































































































































































































































0.4 1 1 
0.1 0 0 
-0.1 0 0 
-0.3 0 0 
-0." -1 0 
-0.7 -1 0 
-0.& -2 -1 
-1.0 -2 -1 
-1.1 -3 -1 
-1.3 -3 -1 
-1. ... -4 -'-
-1.5 -4 -2 
-1.5 -4 -2 
-1.6 -4 -2 
-1.6 -4 -2 
-1.6 -4 -2 
-1.G -4 -2 
-1.4 -4 -2 
-1. 1 -3 -1 
-0 6 -1 0 
0.1 1 0 
1.0 3 2 
1. 7 G 3 
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~~ "'1 ';~,f" I 
:~"" I 
.- APPENDIX 7 TOTAL WINDSPEEDS 
Total wind denotes the m:J.gnitudc of the vector \iind, vertical wind, 
the total windspeed in vertical plane, and horizontal wind, the total 
winospeed in h:-rizontal plane. The downflo ..... angle (dfa) is the 
direction of wi~,.: ve~tor ~casured from the hOTizon. 
. ~t 1804:56 to 1805:01 eDT 
COT dd clIo Tololl'bnd VerllCall'IInd Honzo.,loI Win:! 
.-L -L 1.:.i.. ALTi'" flATE 
---- ----
h m s ~O da~ mls Us m/s kls m/s kls d19/~ G&9/1<'C ~/s<c Ips fpm 
.,' 
., 1804 56 55 7 !L4 11 3.2 6 5.4 10 0.0 1.0 0.3 -16.0 -959 
!is a ·5,3 10 3.2 6 5.3 to 0.0 0.9 0.3 -16.0 -959 
,. 55 a 5.3 10 3.1 6 5.3 10 0.0 0.1l 0.3 -16.0 -959 
55 S 5.3 10 3.1 G ~.3 10 -0.1 0.7 0.3 -16.0 -959 
55 9 5.3 10 3.1 G 5.3 10 -0.2 O.C 0.1 -16.0 -959 
56 9 5.3 10 3.1 6 5.3 10 -0.2 0.4 0.1 -IG.O -959 
'.' 
56 10 5.3 10 3.1 5 5.3 10 -0.2 0.2. 0.2 -16.0 -959 
56 11 5.4 10 3.1 6 5.3 10 -0.1 0.0 0.2 -16.0 -959 
.> ..... 
1004 57 56 11 5.4 10 3.1 6 5.3 10 0.0 -0.2 0.2 -16.0 -959 
56 11 5.3 10 3.1 6 5.2 10 -0.1 -0.3 0.0 -16.0 -959 
56 12 5.3 10 3.1 6 5.2 W -0.2 -0.4 -0.1 -16.0 -959 
56 12 5.3 10 3.1 6 5.2 10 -0.2 -O.G -0.1 -16.0 -959 
56 13 5.3 10 3.1 6 5.2 10 -0.2 -0.11 -0.1 -16.0 -959 
56 13 5.3 10 3.1 6 5.1 10 -0.1 -1.3 "0.1 -IG.O -959 
56 13 5.3 10 3.1 6 5.1 10 0.0 -1.8 -0.1 -15.0 -9S!J 
'.',< 56 14 5.2 10 3.1 G 5.1 10 0.'0 -::!.2 -0.3 -IG.O -S59 
t 1804 !i8 5G 14 5.1 10 3.1 6 5.0 10 0.0 :-2.6 -0.6 -16.0 -959 55 1S 5.0 10 3. j G 4.9 9 -0.1 -3.1 -0.7 -16.0 -SS9 
55 16 4.9 10 ~.1 6 4.8 9 -0.2 -3.1l -O.B -It.O -:)59 
54 H; 4.8 9 3.0 G ~.G 9 -0.2 -4.1 -0.0 -IG.O -359 
54 16 4.7 9 3.0 G 4.5 9 -0.2 -4.0 -0.7 -15.0 -952 
53 16 4.6 9 2.9 6 4.4 9 -0.1 -3.4 -0.8 -15.6 -9:15 
r~ 
52 17 4.5 9 2.9 G 4.3 8 0.0 -3.0 -0.8 -15.3 -914 
52 17 4.4 8 :?S r. 4.2 !l 0.0 -2.7 -0.8 -15.0 -897 
1804 5S 51 17 4.3 C 2.G 6 4.1 11 0.0 
-2." -0.9 -14.7 -684 
51 16 4.2 n 2.8 5 1i.0 ,\ 0.0 -1.3 -0.9 -14 .5 -81;G 
50 1G 4.1 8 2.3 5 3.9 c.- 0.0 -1.4 -0.9 -14.1 -846 
50 16 4.0 /I ~.O 5 :;.~ r 0.0 -1.0 -O.S -13.0 '-036 
50 15 4.0 .~t 2.7 5 3.9 b 0.0 -O.S -0.7 - 14.1 -B46 
50 15 4.0 II 2.7 5 3.9 7 -0.1 -0.6 -0.7 -14.5 -666 
50 15 4.0 0 2.1 5 3.8 7 -0.2 -0.2 -0.7 -14.7 -884 
.. " 50 15 3.9 8 2.7 :; 3.0 7 -0.2 0.3 -0.6 -15.0 -897 
.' ~ 
1805 0') 49 t .. 3.9 8 :.7 5 3.1l 1 -0.2 0.8 -0.5 -15.4 -921 
." 49 14 3.9 8 2.7 5 3.8 7 -0.1 1.2 -0.3 -IG.O -959 
49 13 3.9 il ~.7 5 3.8 1 0.0 1.6 -0.2 -16.6 -!l!H 
49 13 3.~ G 2.7 a 3.a 7 0.0 1.8 -0.3 -17.0 -1021 
49 13 3.9 S :z. "' 5 3.9 7 0.0 2 .• ) -0.4 -17.1 -102~ 50 12 4.0 l'I 2.7 5 3.S 8 0.0 2.1 -0.4 -17.1 -102C 
50 12 4.0 {J 2.6 5 3.9 a 0.0 2.2 -0.3 -17.0 -10:!1 
50 12 4.0 (I 2.6 5 3.9 11 0.0 2.0 -0.3 -IG.6 -997 
t lC05 01 50 12 3.0 rr 2.G 5 3.9 7 0.0 1.6 -0.3 -1G.'.) -959 BO 12 3.9 .. 2.e 5 3.': 1 0.0 1.0 -0.3 -15.4 -9:21 50 13 3.9 ,\ .2.6 5 ~.e 7 0.0 C.G -0.3 -15.0 -89"1 
50 14 3.n 2.6 ':,; 3. '7 7 0.0 0.2 -0.2 
-"'.9 -C!JO 
:;0 1~ 3.0 'j 2.E> 5 Z.7 1 0.0 -0.2 -0.1 -14.9 -0:;0 
50 16 3.0 2.5 5 ~ ~ .;;." 7 0.0 -0.'1 0.1 -15.0 -U97 
51 17 3.7 7 2.5 5 3.G 1 0.0 -1.2 0.1 -l5.3 -014 
52 19 3.7 2.5 5 3,5 ~ 0.0 -1.~ 0.1 -15.6 -!;35 
! _1:J~'--
l,~,~-,"-:.~ :.:::.:.:.~~"-'.:::.;;.;:.;;:.;-,.:. .~~.:.; "j,:/.:.,"-~:;. :~ ~.:..~. i!..· :.~~,~-= :~_"':'"",'~ 
.. 
f •. '.:.'. r ,.."'; 
.' 
.. 
107 A.7 Total windspeeds 
_C_O_T_ ...;d...;d_...:d:..;.I...;O 
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1805:02 to 1805:08 COT 
de~/t\IC de<l/sec 
-1.6 0.1 












































































































































1805:09 to 1805:15 CDT 
COT 






















































































































































































































































































































































































































































































































































































































































































































































































109 1\.7 Total ~linds peed!: 
1805:16 to 1805:22 COT 
COT dd dla Tofol WinG Varticol Wind HomOMal Wind 
-L ~- J± ALTF RATE 
h m • deg de~ rn/z kta m/, kte m/s kh ~/se<: d~/.ee d~/s.c Ips Ipm 
\ 
.'. 1805 16 209 12 6.0 12 5.3 10 5.9 11 0.0 -2.6 0.0 -C.O -359 
" 
208 2 G.2 12 5.~ 11 G.2 12 0.2 -2.4 -0.1 -4.8 -287 
'" 208 -7 G.7 13 5.9 11 6.6 13 0.2 -1.0 -0.2 -3.8 -229 
209 -16 7.3 1( 6.5 13 7.0 14 0.2 -1.2 -0.2 -3.3 -194 
210 -23 8.1 16 7.3 14 7.':' 14 0.2 -1.0 -0.2 -3.3 -198 
210 -28 9.0 17 S.1 16 7.e 15 0.3 -1.0 -0.0 -4.2 -249 
209 -31 9.7 19 0.8 17 8.2 16 0.4 -1.0 0.1 -6.2 -373 
208 -32 10.2 20 9.4 18 0.5 17 0.5 -0.7 0.4 -9.4 -5G5 
.. 1805 17 205 -32 '10.6 21 9.9 19 8.9 17 0.6 -0.4 0.6 -13.2 -791 
203 -31 10.0 21 10.2 ~O 9.2 18 0.9 -0.2 0.6 -n.o -1021 
200 -30 11.0 21 10.5 20 9.5 10 1.2 C.O 0.5 -20.7 -1240 
199 -28 11.2 22 10.G 21 2.n 19 1.5 0.0 0.4 -24.1 -1442 
,', 195 -2G 11.4 22 11. 1 22 10.2 20 1.8 0.0 0.4 -27.0 -1617 
193 -24 11.6 23 11.4 22 10.5 20 2.2 -0 1 0.5 -2B.9 -1734 
191 -23 11.8 23 11.7 23 10.9 21 2.6 -0.2 0.7 -29.1 -1740 
190 -22 12.1 24 12.0 23 11.2 22 2.9 -0.3 0.6 -27.9 -1676 
1005 18 189 -21 12.4 24 12. , 24 11.5 22 3.0 -0.4 0.4 -25.9 -155C 
188 -20 12.6 24 12.5 24 11.7 23 2.9 -0.6 0.2 -2:1.7 -1422 
186 -20 12.8 25 12.7 25 11.3 23 2.8 -0.8 O. I "·21.5 -1288 
185 -19 12.9 25 12.S 25 l2. I 24 2.6 -1.0 . 0.1 -19,1 -1148 
185 -19 13.0 25 13.0 25 12.3 24 2.4 -1.0 0.0 -IG.6 -993 
/ 184 -18 13.1 25 13.1 25 12.4 24 1.9 -1.2 -0. I -14.3 -860 
164 -18 13.~ 26 13.1 :15 12.4 24 1: 2 -1.6 -0.2 -12.7 -764 
103 -10 13.1 26 13.1 25 12.<1 24 0.7 -2.0 -0.1 -11.6 . -695 
'. 1805 19 162 -IS 13.1 25 13.1 2'5 12.~ 24 0.4 -2.2 -0.0 -10.9 -1350 
r~ 181 -19 12.9 25 12.9 25 1:Z. 1 24 0.3 -~.2 -0.0 -10.2 -613 160 -20 12.7' 25 12.7 25 11.9 :!:J 0.2 -:.4 -0.1 -S.7 -582 
r 17B -22 12.5 24 12.5 24 11. 5 22 0.2 -2.5 -0.4 -9.4 -%5 .. 177 -24 12.2 24 12.2 24 11. 1 21 0.4 -2.4 -O.G -9.7 -57B 1713 -:.!6 11.9 23 '11.0 23 10.6 21 0.7 -2.2 -0.7 -10.7 -G~O 
176 -28 11.0 22 11.5 22 10.1 20 1.0 -2.2 -0.7 -I:1.G -753 
175 -31 11.2 22 11.3 22 9.6 HI 1.2 -2.2 -0.7 -14.7 -08 .. 
1005 20 175 -33 11. 1 22 11. 1 22 9.2 1;' 1 4 -2.0 -0.8 -16.7 -1004 
176 -35 11.0 21 11.0 21 3.9 ~7 1.5 -1.6 -0.9 -18.7 -1120 
" 177 -36 10.9 2- 10.9 21 o .• 17 f .G -\'2 -0.8 -20.7 -1240 
170 -37 10.0 2 I 10.0 21 3.5 17 1.7 -O.1l -0.0 -22.5 -134G 
180 -37 10.7 21 10.7 21 8.5 16 La -0.4 -0.0 "23.0 -1377 
182 -36 10.5 20 10.5 20 8.5 Hi 1.8 0.0 -0.9 -21.7 -1238 
Hl5 -34 10.4 20 10.3 20 .9.5 16 1.6 0.4, -1.0 -18.9 -1130 
.,' 13S -33 10.2 :to 10.2 20 0.5 lG 1.5 0.9 -1.0 -Hi.4 -925 \ 
1005 21 191 -32 10.1 20 10.0 19 S.5 17 1.6 1.4 -1.0 -12.1 -126 
194 -32 10.1 20 9.9 IS 0.5 16 1.1 . 2.0 -0.9 -9.0 -537 
191 -32 10.0 19 9.7 19 8.4 1G I.e; 2.0 -0.7 -5.9 -352 
199 -33 10.0 t9 9.6 19 8.3 i', . 1.4 3.3 -0.5 -3.4 -201 
201 -34 9.9 19', 9.5 18 C.2 16 1.2 3.e -0.3 -1.0 -112 
203 -35 9.9 15 0.4 16 8.0 16 1.2 3.e -0.2 -1.5 -92 
204 -35 9.0 IS' 9.2 1(; 7.9 15 1.2 3.e -0.0 -2.1 -t26 
/ ',~ 204 -35 O.G IS- 9.1 18 7.7 15 1.(\ 3.7 0.2 -2.9 -170 
/ 
/ 
1805 22 202 -34 9.4 1.':, S.9 17 '/. ;; 15 O.B 3.e 0.3 -3.5 -200 
200 -33 9.2 1¢ , B.9 17 7. " 1::; 0.6 4.0 0.4 -~.O -23!1 
1!)9 -32 9.3 1(' 0.0 17 7.0 15 0.4 
-4"2 0.4 -4.5 -270 
197 -31 0.5 W 9.2 fO 8.0 16 0.3 4.1 0.4 -5.1 -303 
105 -31 !l.t' 1 ~. 0.6 ~9 8.3 lG 0.2 3.G 0.4 -G.2 -373 
193 -31 to. ~ 2':' 9.n .t9 D.G 17 0.2 3.5 0.5 -1.7 -458 
191 -31 10.4 :H, 10.3 20 U.9 17 0.2 3.4 C.G -9.7 -578 
Hll -30 10.G 2~ 10.5 :LO 9.1 IS 0.2 3.2 C.G -12.5 -746 




'. !iJ' __ , 
~ 
."-
/1..7 Tot.,l lIinaSperlds 110 
1805:23 to 1805:29 COT 
COT d~ dIe Tct~t WI~d V~r!lcal ~(Ind 11~llonl') \'liM 
--L .-L l.:.L ALTF RATE 
-----
h m S eli) dlq m/' Hs m/s kls mls ~t, c!t<;J/= deQ/= d-~/9~C Ips Ipm 
1805 2J 191 -29 10.7 21 10.G 21 9.2 IS 0.2 2.8 e.G -15.7 -91;2 
190 -28 10.5 20 10.4 :20 9.2 19 0.2 2.0 0.6 -19.2 -1151 
109 -26 10. I 20 10.0 is 9.1 if) 0.2 1.4 0.6 -22.2 -1333 
I' 1S9 -23 9.G 19 9.5 H) 0.6 17 0;2 1.0 0.5 -24.3 -1456 
I, 190 -21 9. I 1B 9.0 17 8.': IG 0.2 0.6 0.4 -24.7 - ua.; 
192 -20 8.6 17 S.4 16 8.0 16 0.1 0.6 0.4 -23.0 -1:J!l1 
194 -21 S.2 16 0.0 15 7.G 15 0.0 0.4 0.<\ -19.4 - 1161 
19G -24 7.9 i5 7.G 15 7. I 14 0.0 O. I 0.6 - 14.7 -390 
1805 24 1!>7 -27 7.7 1'5 7.4 14 6.8 13 0.0 -0.2 0.0 -9.7 -5&2 
199 -30 7.6 IS 7.3 14 6.6 13 0.0 -0.3 0.8 -5.0 -297 
200 -33 7.7 15 7.4 14 6.4 12 0.0 -O.A O.G -o.t; -37 
199 -36 7.8 15 7.5 15 6.2 12 0.0 -0.4 0.4 ~.7 161 
195 -40 B.O 15 7.8 I!) 6.0 12 0.0 -0.4 0.3 ... 0 240 
192 -44 8.2 16 0.1 16 5.B 11 0.0 -0.5 0.4 3.2 192 
189 -47 S.5 IG 8.4 16 5.1 11 0.0 -0.6 0.4 0.9 51 
188 -50 B.8 17 C.B t7 5.G 11 0.0 -0.7 0.4 -2.1 -126 
1005 25 107 -53 9.2 19 9.2 18 5.4 11 0.0 -0.8 0.3 -5.3 -314 
186 -56 9.7 19 9.7 19 5.3 10 0.0 -1.0 0.2 .-5.;) -!;,OG 
196 -53 10.0 20 /0.0 19 5.1 10 0.0 -1.4 0.1 -n.7 -702 
187 
-60 10.3 20 IC.3 :10 !:i.O 10 0.1 -I.e O. I -14.5 -SGS 
la7 -62 10.4 20 10.4 20 4.0 9 0.2 -2.2 C.l -1(i. I -i1GG 
187 -63 10.4 20 10.4 20 4.!; 9 0.5 -2.7 O. I -IG.G -9S17 
'54 -64 10.3 20 10.3 20 4.3 S 0.0 -3.4 c..0 -IG.2 -9139 
tT9 -66 10. I ::0 10.1 20 4.0 Il LO -4.3 -0.1 -1!L:J -UIIl 
I' 
1805 :16 175 -67 10.1 20 10.0 20 3.8 7 1.~ -5.0 -0.3 -'''.4 -OG3 
172 -f.!! 10.1 :20 to. I 20 3.G 7 I.:'> -5.3 -0.4 -13.4 -8('15 
171 -70 10.3 :.!O 10.3 20 3.4 7 1.4 -5.4 -0.6 -12.5 -7.!( 
tTO -71 10.G 11 10.G 21 3.3 G 1.4 -5.0 -O.G -11. 7 -69/\ 
171 -72 10.fI 21 10.9 21 3.1 6 1.4 -4.4 -0.7 -11.3 -671': 
172 -73 11. I 22 11. I 22 3.0 G L., -3.6 -0.7 - It. 0 -705 
tT5 -74 11.3 22 IL3 2'2 2.9 G 1 . .; -'.0 -0.7 -1Z.0 -777 
tT6 -75 11.5 22 ;1.5 22 2.8 !J L5 -:1. 4 -C.7 -14.~ -B::G 
1005 27 177 -76 11.6 :23 11.6 23 2.7 5 1.6 -1.8 -O.S -15.::1 -95:2 
177 -77 1t.7 23 11.7 23 :I.S 5 1.7 -1.4 -0.6 -tT. t -10213 
t 
tT6 -78 11.1 23 11.7 23 2.2 4 1.9 -1.0 -0.5 -18.3 -109G 
176 -79 11.6 23 lL6 23 1. Ii 4 LIl -0.7 -0.5 -H1.2 -11:51 
1711 -01 1 1.5 22 11.5 22 1.6 .. 1.0 -0.4 -O.!> -19.9 -119:< ~ 
IIlG -03 
" .4 22 11 .4 22 1.::1 2 1.4 -0.3 -O.!: "20.4 -'22:1 
203 -85 11.3 22 11.3 22 0.0 2 1.0 -0.4 -0.5 -20.il -1250 
I ~~- 238 -06 11.' 21 11.1 21 0.6 ~ 0.7 -0.11 -0.5 -2 1.4 -1:185 
.-. 1905 29 275 -85 10.S 21 10.G 21 0'· 0.:> -1.2 -C.5 -22.0 -I'll!) .1 
297 -04 10.G 21 :0.5 20 O.li ::! 0.& -L8 -0.5 -22.6 -1353 
31t; -04 10.4 :0 10.~ 20 0.9 2 1.0 -2.6 -0.5 -23. I -13:;0 
3:!D -34 10.4 20 fO.~ 20 0.9 2 LO -:>.6 -O.G -:I3.6 -loSl!: 
3~3 -03 10.3 20 10.3 20 1.0 :2 1.0 -4.6 -0.7 -:?:l.G -1>4:/3 
I~ -8:1 10. I 20 10.1 20 1.1 2 O.B -!L2 -0.0 -23.0 -1415 
23 -02 10.0 19 10.0 I(J 1.3 2 0.5 -5.G -1.1 -23.1 -1338 
35 -IH 10.0 19 10.0 19 1.3 :1 0.5 -5.3 -1.4 -:l2.G -~:I53 
100~ ::9 :m -~1 10.1 20 10.0 IS 1.3 :I 0.4 -6.0 -1.6 -22.0 -1319 
37 -ti2 10. t 20 10.1 20 1.~ 2 0.4 -5.G - t." -:I 1.4 -1285 
! 2~ -64 10.:< 20 10. I 20 0.0 :! 0.4 -.e.G -1.7 -::0.9 -1250 12 -05 10.2 20 10.2 20 0.7 1 0.4 -3.4 -1.'5 -:W.4 -ln3 3-el -s~ 10.2 ::0 10.':! 20 0 ... I 0.4 -2.G -I.G -:10.0 -itS!) 311 -&5 10.2 20 10.2 ~O 0.7 , 0.3 -2.3 -1.!i -19.6 -1175 :W2 -1::4 ~O.2 20 10.1 :10 O.G 2 O.:! -2.0 -1.5 - 19. 1 -1 us r :11i.1 -03 t'.tI W !>.9 19 ~ .C 2 0.1 -1.5 -1.:) -- HI. S -11 IJ 
.' I 
I -------------
·r E.:io-.... u~_· ___ ~ .... --"----.. __ ........ ~ .... ._:."'.cr.J:#II~ ""S .. .:J;::.. . ..:..-.lo.'*"'.£oO. .• :--=...:.,."...:. ...... _.:.-"',;...i~.;.: * •. :'..:J.:;,;';;;. . ..;:.; .... ~::;::.:..:~::.= ..... -,=--::::-~_~:-:.-:~ .:= ...... "~~ -.-.. _---
0·· __ .·-.-... •• _ ... ~ 
... ~..-,_ ..... J 
.. , 
I I I 1l.7 Total windspeeds 
COT 
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1805:30 tn 1805:36 COT 
i- --L J.::.L 

















































































































































































































































































".7 Total .... indspeeds I 12 " <1 \~ 1805:37 to 1805:43 CDT I t~ tl . I "I ~:I 
I M COT dd clIo Totol W,nd Vt:r'lcol Wind HOtlZon!o1 W",eI ..L --1-_ l::.i.. AlTF RATE ~ ---- ----, ~ h m'S deQ deg I~/S kts m/\ kls "lis kls doQ/soc ~/~.c ~/sec Ips Ipm 
. i , 
I t 
1805 37 20 29 11.9 23 11.4 22 10.5 20 -1.5 2.0 2.6 -100.0 -6359 
~ 21 30 12. I 23 tl.5 22 10.5 20 -1.8 0.1 2.1 -103. I -6164 22 30 11.8 23 11.2 22 10.:> 20 -2 0 -1.8 1.5 -96.0 -5759 ~ 22 30 11.2 ~2 10.6 2 I 3.7 19 -1.3 -4.4 0.9 -84.9 -SOgO 22 31 10.5 20 10.0 I!I 9.0 17 -t.6 -7.4 0.2 -70.G -4237 21 32 9.8 19 9.3 16 8.3 16 -2.0 -10.8 -0.4 -54.6 <!:I77 
a 20 34 9.0 17 8.6 17 7.5 14 -;>.8 -14.0 -0.9 -38.7 -2324 
18 37 0.3 IG n.o 1G 6.6 13 -3.6 -113.0 -1.1 -24.S - ~48'1 
1305 38 14 40 7.7 15 7.G 15 5.9 11 -4.0 -17.G -1.2 -13.7 -ala 
6 45 7.5 15 7.5 15 5.3 10 -3.8 -IB.3 -1.2 -6.:! -:lG!) 
356 49 7.7 15 7.7 15 5.0 10 -3.6 -13.8 -1.2 -2. I -122 
344 51 8. I 16 8.0 16 5. I 10 -4.0 -18.0 - 1. I 0.0. 0 
333 51 B.6 17 B.3 16 S.5 11 -4.2 -16.4 -1.0 O.'S 31 
324 48 9.2 ~B 8.5 16 G.l 12 -4.G -14.3 -0.8 0.6 38 
31B 45 9.S 19 B.6 17 6.9 13 -5.2 -12.8 -0.7 0.3 17 
314 41 10.3 20 8.6 17 7.7 15 -5.G 
-.' 1. I -O.G -0.3 -IG , 
1805 39 311 37 10.G 21 G.4 16 0.4 15 -5.6 -1).8 -0.5 -1.0 -57 I 309 33 10. Ii 21 a.l Iii B.O ·17 -5.3 -7.0 -0.3 -1.:) -l1G 309 29 10.4 20 7.G l!i 9.1 18 -5.0 -G.:! -0.2 -3.4 -201 
r 
E 303 23 10.0 19 G.9 13 9.2 18 -4.8 -6.0 -0.0 -5.0 -301 i 309 16 9.5 lB 6.3 12 9.1 18 -4.6 -5.2 0.1 -7.0 -421 310 9 9.0 17 5.B 11 8.9 17 -4.2 . -3.8 0.2 -9.5 -572 311 2 8.5 17 5.6 11 &.5 17 -3.8 -:.6 0.4 -12.5 -HG 
~ 313 -3 8.2 16 5.0 II 0.2 IG -3.3 -1.7 0.6 -IS.S -928 
I IllOS 40 315 -8 8. t 16 5.1l I I 0.0 1<,; -2.S -1.0 0.0 -18.2 -1089 ~ 
I 317 -13 8.:t 16 6.2 1~ 8.0 IG -2.4 -0~5 0.9 -20.5 -1226 320 -17 8.G 17 5.7 13 8.2 lG -2.0 0.0 0.9 -2:1.G -1::53 
~ 324 -20 9.0 17 7.5 14 8.4 16 -1.5 0.2 o.a -24.3 -1~5Ei 32El -22 9.G I!) e.4 16 8.9 17 -1.0 C." 0.6 -25.2 -1511 I 332 -24 10.5 20 S.5 10 9.5 1::1 -0.6 0.6 o.~ -25.4 -1525 '·1 335 -25 1'.5 2~ 10.7 21 10.3 20 -0.2 1.0 0.4 -25.3 -1'il4 338 -27 12.7 25 12.0 :23 11.2 22 -0. ! 1.3 0.3 -25. I -1506 1805 41 341 -:28 13.a 27 13.2 26 12. I 24 0.0 1.4 0.2 -25.3 -1514 34:1 -J8 14.8 29 '4.3 20 13.0 25 -0. t 1.5 0.2 -25.4 -1525 
i 344 -27 15.7 20 t5.~ 30 13.6 27 -0.2 1.8 C.l -25.5 -1520 
l! 345 -27 16.4 32 15.n 31 14.5 213 -o.~ 2.1 O. I -25.4 -1525 
~. 345 -2G 17.0 33 1G.5 32 15. I 29 -0.6 2.2 O. I -25.9 -1552 345 -25 17.4 34 16.9 33 15.6 30 -\.O 2.2 0.1 -2i.5 -16<10 ~ 345 "24 t7 .6 3': 17. I 33 16.0 :11 -1.4 2.<1 0.2 -:;0.4 -1823 
.. 346 -22 t7 .8 35 t7 .3 34 lG.4 32 -1.1i 2.5 0.:1 -34.0 -2039 g 
~ HI05 42 346 -I!) 18.0 35 17 .!i 34 16.9 33 -t .G 2.4 0.5 -37.9 -2276 
~:) 345 -16 16.1 35 17 .6 34 ,., . ., 34 -1.5 2.2 0.5 -42.5 -2:046 345 -12 18.3 3S 17.7 24 17.0 35 -1.6 2;: 0.3 -47.5 -:28!12 ~ 345 -7 lD.S :lEi 17 .!) 35 la.3 3S -1.7 2.4 O. t -')2.5 -31':;0 ;i 34(; -~ 18.!) 37 10.3 3G 10.a 37 -I.~ 2.6 0.1 -56.5 -3390 
~l 347 0 19.2 37 18.7 36 13.:1 37 -1.9 2.7 0.2 -59.3 -3553 
rJ 348 3 19 ... 38 Iq.:? 37 19.{; 36 -2.6 2.8 0.3 -GO.;) -:1620 
f·~ 350 5 20.0 :;!l 19.7 38 19.11 39 -3.3 2.7 0.3 -59 3 -3554 
rl 
t"i 1 CO::; 43 351 7 20.4 ·.0 2".1 39 20.2 39 -3.6 2.G 0.1 -55.7 -3342 
~ 1 3 !'I 1 9 20.7 40 :;0.4 ':0 :10.4 <10 -3 .... 2.G 0.2 -50.3 -3020 !l 352 9 20.11 40 20.(; 40 :10.3 I!O -3.4 2.6 0.2 -43.9 -;163" f1 352 10 20.8 40 :'0.£ 40 20.5 4C -3.4 ').7 0.1 -3G.(l -:1407 
r.l 353 9 20.6 10 20.5 40 20." 40 -3.2 l.d 0.1 -29.7. -1778 
f1 353 ::J 20.5 40 20...1 40 :20.::1 39 -3.4 2.7 0.2 -2". I '-1<1':2 
II 3~3 Cl 20.11 40 20.3 39 20. '.1 39 -4.0 2.e 0.2 -21. :1 -CHI 
"! 353 9 20.4 40 :.'0. :I ::IS 20. I 39 -11.'5 2.G 0.1 -21.0 -t:1Gl 












"-L '~ ~ ~ .... _ ... 
--.------.--~-
r-------------- -_ ... _-"_.- - .~~-- .. ........ - ... _., -~-' ... ~-, ...... -.-'-' ....... . -- -------
! 
- , I I 3 A.7 Total windspeeds I I 
1805:44 to 1805:50 CDr 
COT dd dIn Tolol Wind Vt,I>eOI Wu'<! Hor.1Mtcl W~ ~- --1'- 1:.1.. ALTF nATE 
---- ----- ----
" 
m • u~ d.~ mIl Us mIl Us n/~ kls ~/~ rl5<;I/~ de-~/stc: !ps Ipm 
. 
180'.5 44 354 & 20.l 40 20.2 39 20.2 39 -4.8 ~.6 -0.1 -2:2.7 -~3G4 
354 7 20.4 40 20.3 39 20.3 39 -4.7 2.6 -0.2 -25.7 -1542 
354 5 20.(; 40 20.4 40 20.5 40 -4~S 2.4 -0.4 -30.0 -1799 
353 4 20.8 40 20.6 40 20.8 40 -4.8 2.2 -0.2 -34.9 -:l090 
351 1 21.1 41 20.8 40 ::it. I 41 -4.4 2.0 -0.1 -39.8 -2389 
349 -1 21.5 42 21.1 41 21.5 42 -3.5 1.9 0.1 -44.4 -2GG3 
348 -4 21.9 4~ 21.~ 42 21.8 "2 -2.6 1.8 0.1 -48.5 -2910 
347 -7 22.4 43 21.8 42 :z2. :2 43 -1.7 1.4 0.4 -52.2 -3133 
1805 45 34G -10 22.9 44 22.2 43 22.5 44 -0.8 1.0 0.7 -54.7 -321)0 
346 -13 23.<1 45 22.7 44 22.7 .. 4 0.0 0 .... 0.9 -55.5 -3332 
346 -16 23.9 46 23.2 45 22.8 44 0.8 -0.2 1.0 -57.0 -3421 
346 -:;0 24.3 47 23.7 46 22.8 44 1.6 -1.0 0.8 -60.~ -3654 
347 
-22 2~.7 411 24.2 47 22.7 44 2.4 -2.0 0.8 -G6.6 -39::13 
348 -25 25.1 49 24.6 40 22.5 44 3.3 -2.0 1.0 -72.2 -':~'29 
349 
-27 25.4 49 25.0 49 22.3 43 4.2 -3.2 1.3 -75.8 -4549 
350 -29 25.6 50 25.3 49 22.2 43 5.3 -2.8 I.!; -79.1 -4744 
1805 46 352 -30 25.7 50 25.5 43 22.0 43 E.4 -2.0 1.<; -83.4 ··5001 
353 -31 25.7 50 25.6 50 21.9 42 6.9 -1.2 1.1 -86.5 -510G 
355 -31 25.6 50 2S.G 50 2: .8 4'- 7.0 -O.G 1.1 -~5.C· -513') 
357 -31 25.6 50 25.5 50 21.8 42 6.5 -0.4 1.~ -BO.I! -4B47 
359 -30 25.4 49 25.4 49 :U.8 42 6.0 -'). :: 1.0 -74.0 -443g 
:160 -29 25.3 49 25.3 49 21.8 42 6.0 0.1 0.9 -67.0 -4065 
:l60 -28 25.0 45 25.0 49 :U .9 42 G.4 0.4 0.7 -61.9 -3716 
I -26 24.7 45 24.7 48 21.9 43 6.6 0.6 0.7 -55.4 -332 I 
lG05 47 I -24 24.4 47 24.4 117 2:1.0 43 43.2 0.8 o.a -43.1 -2832 
1 -22 24.1 47 24.1 47 22.2 43 5.S 1.0 1.0 -40.9 -:>454 
2 -19 23.8 46 23.9 46 2:t.4 43 5.0 1.4 1.1 -34.6 -2077 
2 -16 23.6 46 23.S 16 22.5 44 4.7 1.7 1.1 '·29.4 -1765 
1 -13 23.4 46 23.4 .,6 22.7 4" 4.11 1.8 0.9 -25.9 -1!5!>6 
1 -10 23.3 45 23.3 45 22.9 44 4. t 1.6 0.7 -24.3 -141;;0 
36') -7 :0'3.3 .,5 23.3 4!i 2l.0 .,5 3.S 1.4 O.G -26.1 -1566 
35;- -4 23.3 45 23.3 015 23.2 45 3.4 1.:: 0.7 -31.4 -180S 
lC05 48 3~() -1 23.3 45 :;'3.3 45 :23.3 4!, 3.0 1.0 0.7 -40.2 -2':13 
35·, 0 23.4 45 23.4 ~5 23.4 45 2.3 0.7 0.5 -52.2 -3133 
.,,,~ 
uw,," 3 23.5 46 23.4 4E 13.5 46 1.4 0.4 0.4 -64.6 -38n 
355 4 23.6 46 23.5 46 23.6 4G 0.6 0.1 0.2 • -74.7 -44flO 
355 6 23.7 46 2:i.6 46 23.6 46 0.0 -0.2 -0.0 -00.1 -4GOG 
357 7 23.9 46 23.8 46 23.7 46 -0.8 -0.4 -0.1 -80.1 -4002 
\ 358 9 24.0 47 24.0 . 47 :23.7 45 -2.0 -O.G -o.:! -75.G -4535 \ 
\ 360 fO 24. I 47 24. I 47 23.7 4G -3.0 -0.7 -0.1 -67.1 -"O~4 
I f805 49 1 11 24.2 47 24.2 47 23.9 46 -3.6 -0.9 -0.1 -55.2 -3311 
'l 2 12 24.2 47 24.2 47 23.7 46 -3.6 -0.4· -0.2 -42.8 -2567 4 t4 :;)4.0 47 24.0 47 23.4 45 -3.6 0.4 -0.3 -31.8 -190'5 ~ \ I 5 IS 23.6 46 23.5 46 22.9 44 -3.7 1.7 -0.4 -23.9 ··1425 
--·i-i. 6 15 2:2.9 45 22.0 44 22.1 43 -J.8 3.0 -0.5 -19.0 - I 1'37 6 lG 22.2 43 22. I 43 21.4 42 -3.9 <\.1 -0.5 -IG.6 -993 I 7 16 21.5 42 :2' .4 42 20.7 40 -4.0 5.0 -0.6 -1G.5 -993 i 7 16 20.0 40 20.7 40 :10.1 39 -3.7 5.4 -0.4 -ttl. 2 -10S9 
~ . 
I f805 50 ./ 14 20.2 39 20. I 39 lS.6 39 -3.2 5.9 -0.1 -20.6 -1233 
.- :"1 7 13 20.0 39 19.9 39 1°.5 ::sa -2.S 5.4 0.4 -23.3 -1398 7 11 20.1 39 :0.0 39 19.7 38 -:1.0 4.6 0.0 -26. I -15SG 
7 9 :to.~ 40 20 . .'\ .eO 20.3 39 -lo5 3.4 1.0 -:2R.3 -1700 
6 7 21.2 41 '- t. 1 41 21.0 41 -1.0 2.4 1.2 -29.7 -1778 
7 (; ::2.1 43 21.9 43 22.0 43 -0.0 1.3 1.1 -29.7 -1773 
7 .: 2J.(J 45 22.u 44 23.0 4~ 1.2 0.0 1.0 -:8.4 - 1703 
0 3 24.0 47 23.0 4G 
t 
23.9 46 2.4 -1.''; 0.9 -16.& -1593 
f j 
, 










































































































































































































































































































































































21. 1 ., I 
20. I 39 
19.0 37 
111.0 35 





























Hi, -, 36 
H).:J 31 
20. I :'>3 
21.(' 41 
,_._--- -~-.-...--
A.7 Total windspeeds 114 
-.L .; e-~ 
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APPENDIX DISTURBED PRESSURE 
Shown in this table are altit:.tde fir.c (ALTF), \:Tue altit.ude (TA), 
pressure at true altir:ude (PTA j, inertial height (z); pressure at 
inertial altitude (P z ). !:inetic energy of environmental wind in mb, 
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1804:56 to 1805:01 COT 






























































































































































































r~ :' r] A.P Disturbed pressure I 16 
, t 
,'. fJ 1805:02 to 1805:08 CDT 
.' f'~ 
11 
eDT ALTF TA ~L- ~-- TA-z ~..:!L lFnv' T ~ •• l Ii -.--
Ii h m s It It mb fl mb fl mb r.,b °c oK ~ fl ~ 1805 02 1483.0 1623.4 957.60 1620.7 957.65 2.7 -0.09 0.07 37.6 313.~ i~ 1481.0 1621.5 957.67 1613.4 957.76 3.1 -0.09 0.07 37.6 313.4 ij 1479.0 1619.2 957.74 lG16.2 957.32 3.0 -O.OS· 0.07 37.6 313.4 
Q 1477.0 1617 .0 957.1\1 1614.0 957.69 3.0 -0.00 0.07 37.6 313.4 1475.0 1614.S U57.E8 1611.8 957.97 3.0 -0.09 0.07 37.6 313.-1 I. 1473.0 1612.5 957.95 1603.7 95S.04 2.8 -0.09 0.07 37.6 313.4 ~ 1471.0 1610.3 953.02 1607.5 95t:. h) 2.8 -0.00 0.07 37.6 313.4 
U 
1469.0 1608.1 95S.09 1(,05.3 958.17 2.0 -0.08 0.07 37.6 313.4 
t; 1005 03 1467.0 1605.8 958.17 1603.2 956.24 2.6 -0.07 0.07 37.6 313.4 14G5.0 1603.6 958.;;>3 1601. 0 958.30 2.6 -C).07 0.06 37.6 313.4 
I" 1463.0 1601.7 953.30 1598.9 958.38 2.8 -0.00 0.('6 37.6 313.4 
tl 1461.0 1599.4 958.37 1596.7 953.45 2.7 -0.0.3 0.06 37.6 313.4 
~ 1459.0 1597.2 958.45 1594.6 95B.51 2.6 -0.06 0.05 37.6 313.4 1457.0 1595.0 958.52 1592.5 9513.58 2.5 -0.06 0.05 37.6 313.4 1455.:> 1592."1 958.58 1590.5 958.64 2.2 -0.06 0.05 37.7 313.4 1453.0 1590.5 95e.65 1580.4 958.70 2.1 -0.05 0.04 37.7 313.4 
t' ~ 180'j 04 1451.0 1588.6 958.72 1586.4 958.78 2.2 -0.06 0.04 37.7 313.4 t' ~ 1449.0 1586.0 958.80 1584.4 958.84 1.6 -0.04 O.O~ 37.7 313.4 1447.0 1584. 1 950.87 1582.4 958.90 1.7 -0.03 0.04 37.7 313.4 ~ 1445.0 1581.9 958.93 1580.4 958.96 1.5 -0.03 0.04 37.7 313.4 1443.2 1579.7 959.00 Hi7S.4 959.03 1.3 -0.03 0.04 37.7 313.4 1441.5 1578.1 959.06 1576.5 959.0(l 1.6 -0.03 0.04 37.7 313.4 !i 1439.8 1576.1 959.12 1574.5 858.15 1.6 -0.03 0.04 :17.7 313.4 I 143S.0 1574.2 959. III 157:!.G 959.22 1.6 -C.04 0.04 37.7 313.4 [J 1805 05 1436.2 1572.0 959.25 1570.7 959.28 1.3 "0.03 0.04 37.7 313.5 1434.5 1570.4 959.30 1568.8 959.::.14 106 -0.0.1 0.04 37.7 313.5 ~ 1433.2 1568.8 95!'t.35 1567.0 959.40 1.8 -0.05 0.04 37.1 313.; 
" 
1432.0 1567.5 959.39 1565.1 '259.46 2.4 -0 07 0.04 37.7 313.5 
f~ I 1431.0 1566.5 959.42 1563.3 959.51 3.2 -0.09 0.04 37.7 313.5 1430.0 1565.5 959.46 1561.5 S59.~7 4.0 -0.11 0.04 37.7 313.5 "1"- 1428.0 1564.3 959.49 1559.7 959.63 4.6 -0.14 0.05 37.7 313.5 14~8.0 1563.3 959.52 1557.9 959.68 5.4 -0.16 0.05 37.7 313.5 I 11105 06 1426.6 1562.0 959.57 1556.1 959.74 5.9 -0.17 0.06 37.7 .313.5 ~. 14~5.0 1560.1 959.63 1554.3 959.80 5.8 -0.17 0.06 37.7 :13.~ 1423.0 1558.2 959.69 1552.5 959.05 5.7 -O.IG 0.06 37.7 313.~ 1421.0 1555.9 95;).76 1550.8 959.91 5.1 -0.15 0.06 37 7 313.5 
~ .. ~ 1419.0 1553.7 959.83 1549.1 959.97 4.6 -0.14 0.06 37 7 313.5 ~ 1417.0 1551.7 959.90 1547.3 S60.02 4.4 -0. ;.'. 0.06 37 '. 313.5 1415.0 1549.5 959.96 1545.6 960.03 3.9 -0.12 0.06 37.7 313.5 ~i 1413.0 1547.2 960.0J 1544.0 960.13 3.2 -O.W 0.07 37.7 313.5 ~ 
h 1805 07 1411.2 It>45.3 960.09 1542.3 960.17 3.0 -0.03 0.07 37.":' 313.5 
tl 1409.5 1543.7 960.15 1540.6 9GO.24 3.1 -()'09 0.07 "J7.7 313.ti 1408.0 1542.1 960.20 1539.0 960.28 :}.1 -0.08 0.07 37.7 313.5 ~< 1406.5 15-10.5 S60.25 1537.3 geQ.33 3.2 -0.06 0.07 37.7 313.5 ,~ 
P 1405.0 1538.9 960.30 1535.6 960.39 3.3 -O.OS O.OS 37.7 313. 'j it 1403.5 1537.3 960.35 1534.0 950.44 3.3 -0.09 0.08 37.7 313.:; ~"l 1402.0 1535.6 9GO.40 1532.3 960.49 3.3 -O.OC 0.08 :; 7.7 313.5 ~~,~ 1400.5 1534.0 960.<:5 1530.6 SGO.51J 3.4 -0.10 O.OS 37.7 313.4 
'l /) 
~~) 1805 OS 1389.0 1532.4 960.S0 1529.0 S60.GO 3.4 -0. 1(' C.08 37.; 313.4 
f!'l 1397.~ 1530.8 :360.55 1527.3 DGO.GG 3 ,. -0.1: 0.08 31.7 313.4 I:; .... 










I ;,:1 (.'. 
~ :; t"~, .. I.',. 
r ~ . l: ... ; ::Z~iL .. :;"':~::2~ ,.~~,~.: _~ .. -~~:,,~~~ ,_:,~_,_~_~~,_,"~_J 
':1: --', 
,~~,: , 
I I 7 A.S Disturbed pressure 
." 1805:09 to 1805:15 CDT 
" 
COT AL"iF TA ~ 1 --.!L.. TI\-1 -1}L!L ypnv' T ~ 
~c. It 
" 
mt. II mb 
" 
lOb' mb ·C ~'" h m s .,
r 
~ 1805 09 1385.4 1517.5 9130.97 1515.5 961.0': :<.0 -0.07 0.08 37.6 313.4 
1384.0 1516.? 961.02 1513.8 961.09 2.4 -0.07 0.08 37.6 313.4 
c· 138:2.e 1514.9 961.06 1512.1 961.15 2.8 -0.09 O.OS 37.6 313.4 
1381.5 1513.2 961.10 1510.4 961.20 2.6 -0.10 0.09 37.6 313.4 
1380.2 1511.9 961.13 1508.7 961. 25 :l. 2 -0.10 0.10 37.1; 313.4 ;" 1379.0 1510.6 961.19 1507.0 9Gl.31 :;.6 -0.12 0.11 37.6 313.4 c~ . 137"/.8 15C3.6 961.22 1~05.3 961.35 4.3 -0.13 0.11 37.6 313.4 
1376.5 1508.0 961.27 1503.6 961.42 4.4 -0.15 0.12 31.6 313.4 
""; .. 
1805 10 1375.0 1506.4 961.32 1501.9 901.46 .1.5 -0.14 0.12 37.& 313.4 
J' 1373.5 1505.0 961.37 1500.3 961.53 4.7 -0.16 0.13 37.6 313.3 
" 
13',2.0 .1503.4 961.42 1498.6 961.57 4.8 -0.15 0.13 37.6 313.3 
£- 1370.5 1501.7 961.47 1496.9 961.62 4.8 -0.15 0.14 37.6 313.3 
1369.0 1500.1 961.52 1495.3 961.68 4.8 -0.16 0.15 :)7. :; 313.3 
1367.5 1498.4 961.57 1493.7 961. "3 4.7 -(\.16 0.15 37.5 313.3 
; 1366.0 1496.3 961.62 1492.0 961.78 4.a -0.16 0.16 37.5 313.3 
1364.5 1495. I 961.67 1490.4 961.83 4.7 -0.16 0.17 '37.5 313.2 
." 
:,- 1805 11 1363.0 1493.4 961.72 '''!l8.8 961.89 4.6 -0.17 0.17 37.5 313.2 
.~ 1361.5 1491.7 961.77 1487.1 961.94 4.6 -0.17 0.16 37.4 313.2 1360.2 1490.4 !l61.8! 1485.5 961.99 4.9 -0.18 0.19 37.4 313.2 1359.0 1469.0 961.65 1463.9 962.04 5.1 -0.19 0.19 37.4 313.1 1357.S 1487.6 961.89 1482.2 962.10 5.4 -O.2~ 0.19 37.4 313.1 
1356.5 1486.3 961.94 1480.6 962.15 5.7 -0.21 0.19 31.3 313.1 
1355.0 1484.6 961.~9 1479.0 962.19 5.6 -0.20 0.18 3·1.~ 313. ! 
;:' 1353.5 1462.9 962.04 1477.3 962.26 5.6 -0.22 0.17 37.3 :.113.0 
1805 12 1352.4 1481.8 962.07 1475.7 962.30 6.1 -0.23 0.16 37." 313.0 
1351.5 I':SO.S 962. :0 1474.0 962.35 6.S -0.25 0.15 37.2 313.0 
.. 1351.0 '~30.0 962.12 1':72 3 952.':1 7.7' -0.29 0.14 37.: 212.9 
h 1350.5 1479.6 f.6.2.14 1~70.6 962.46 9.0 -0.32 0.13 :1 7.1 312.9 134S.0 1478.8 9G:1.16 1468.8 96:>.52 10.0 -0.36 0.1:1 37.1 312.8 1349.0 1417.7 962. :3 14(,6.9 962.58 10.8 -0.40 0.12 :17 .0 312.8 l~ 134A.2 1476.6 ~62.21 14135.0 9£2.65 11.6 -0.44 0.12 37.0 312.7 r-: 1347.5 1415.8 962.24 1463.0 96:2.71 12.8 -0.47 0.12 36.9 :11::.7 .. ~.; I~~ 11105 13 1246.1 1473.7 962.30 1460.9 962.78 12.8 -0.48 0.12 36.9 31:1.6 
,< 1344.0 1471.3 DG2.37 1458.6 96~.85 12.7 -0.48 0.12 36.8 312.6 
t 341.:2 1468.0 962.47 1456.3 96: .93 11.7 -0.46 0.11 35.S 312.6 
> 1338.5 1464.6 962.57 1454.0 96:'.00 10.6 -0.43 0.11 36.7 312.5 
~335.8 141i 1. 3 962.67 1451.5 !l63.07 9.0 -0.40 0.11 36.7 312.4 
1333.0 1457.9 96:1.78 1449.1 9G:C.16 8.8 -0.38 0.11 36.6 312.~ 
1330.0 1454.2 962.09 1446.6 963.23 7.6 -0.3-1 0.11 36.6 312.3 
'1327.0 1450.6 963.01 1444.1 963.32 6.5 -0.31 0.12 36.5 3:2.3 
1805 14 1324.4 1447.2 9G3.10 1441.6 963.39 5.6 -0.29 0.12 36.5 312.2 
1322.0 1444. I 963.19 1439.1 963.47 5.0 -0.28 0.13 36.4 312.2 
13'S.8 1441.4 963.28 1436.6 963.55 4.8 -0.27 0.1·1 3G.3 312.1 
1317 .5 1438.3 963.37 1434.2 963.63 4.1 -0.26 0.15 36.3 312.0 
1315.2 1435.6 963.45 1431.9 963.71 3. " -0.26 C.liS !JG.~ 312.0 
.'r 
1313.0 1432.9 963.~4 14~9.7 963.76 3.2 -0.24 0.16 36.2 311.9 
1310.8 1430.2 963.62 1427.5 963.64 2.7 -0.22 0.16 36.1 :;, ~. 9 
1308.5 142" .5 963.70 1425.4 963.91 2.1 -0.21 0.15 3G.1 311.8 , 
1805 15 1306.15 14:15.0 !:J63.77 1423.4 963.97 1.6 -0.20 0.15 :::6.0 311.8 
1305.0 1423.3 863.83 1421.4 964.04 , .9 -0.21 0.15 35.9 3t 1. 7 
13:)4.0 1421.0 963.87 1419.5 9G4.10 2.3 -0.:13 0.16 35.9 311.6 
1303.0 14:10.3 9G3.90 1417 .. , S64.16 2.G -0.26 0.16 35.0 3 ~ 1.G 
1301.0 1419.2 903.94 141S.S £G4.22 3.4 -0.28 0.17 35.7 :111.5 
1300.5 1417.4 963.90 1414.1 GG4.27 3.3 -0.29 0.18 35.7 311.4 
1:99.2 1415.9 !J64.03 1·11:!.3 564.33 3.·6 -0.::10 0.19 35.6 31 f.4 
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1805:16 to 1805:22 CDT 
COT ALTF 
----


























































































































































































































































































TA-z P. -P. ipn/ ---~~--



















































































































































































































































































































































A.8 Disturbed pr.essl~re 
ALTF TI\ -.£i~ z 
ft 11 mb It 
1209.4 1300.0 967.5!l 1314.3 
1!:l07.5 1297.6 957.65 1313.5 
1204.4 1294.0 967.76 1312.7 
1201.0 1290.1 967.89 1311.9 
1197.2 1285.9 96&.02 1311. 1 
1193.5 12111.6 !J60.15 1310 .• ~ 
1190.4 1278.3 968.26 1309.7 
1187.5 1274.7 968.37 ~309. 1 
118S.1 1273.4 968.41 1308.0::> 
1185.5 1272.7 r'68.44 1308.1 
1186.0 121'-.9 !l68.12 1307.7 
1186.5 1273.5 968.40 1307.3 
1187.2 1274.3 968.37 1306.9 
1188.0 1274.9 968.35 1306.4 
1188.8 1275.8 968.32 1305.9 
1189.5 1276.4 !!68.30 1305.4 
1189.1 12';'6.0 968.31 1304.7 
1188.0 1274.7 968.35 1304.0 
1186.0 1272.5 968.42 1303.2 
1184.0 1270.6 968.49 1302.3 
1182.0 1268.1 968.56 1301.3 
1180.0 1266.2 968.63 1300.1 
1177.8 1263.7 968.71 1298.9 
1175.5 1260.9 9G8.80 1297.0 
1173.4 1258.3 968.88 1~36.0 
1171.5 1256.1 9G8.96 1234 .. 1 
1170.2 1254.6 969.01 1292.B 
1169.0 1253.0 9G9.06 1:291.0 
1167.8 1251.4 969.11 1289.2 
1166.5 1249.9 969.17 1287.3 
1165.0 1248.0 9S9.23 1285.4 
1163.5 1246.1 969.29 1283.5 
1161.6 1243.S 969.37 1281.5 
1159.5 1241.0 969.45 1279.5 
1157.0 1238.2 9G9.55 1277 .5 
1154.5 1235.0 969.65 1275.5 
1152.0 1231.8 8t;9.75 1273.4 
1149.5 1228.9 969.85 1271.4 
1147.0 1225.8 969.94 :269.3 
1144.5 1223.2 970.04 126'7. I 
1141.8 1220.0 970.14 1265.0 
1139.0 1216.S 970.24 1262.8 
113G.0 1213.3 970.35 1260.5 
11:;3.0 1209.a 970.46 1258.3 
1130.0 1206.3 970.58 1256.0 
1127.0 1203.1 970.69 1253.7 
11=4.0 l1!l9.5 970.130 1251.4 
1121.0 lHlG.O 970.91 1:;>49.1 
1116.:;> 1192.8 971.01 1246.8 
1115.5 11S9.8 911. 11 1244.6 
1113. Ci 1136.9 971.20 12~2.3 
1110.5 1163.~ 911. 29 1240.2 
11011.0 1151.3 97l.30 1:130.0 
1105.5 1178.4 971. 47 1:135.9 
1103.0 1175.< 97 i. 57 12"3.8 
1100.5 1172.4 971.65 1231 .. ,
1805:23 to 11305:29 CDT 
~ TA-z P.-r. ___ -.: .t~ . yPTWP: T 2!.-
mb ft rob mb ·C oK 
967.47 -14.3 0.11 0.£2 33.2 309.0 
gS7.50 -15.9 0.15 O.GO 33.2 308.3 
967.52 - Ill. 7 0.24 0.56 33.1 30a.9 
967.54 -21.8 0.35 0.50 33.1 303.8 
967.57 -25.2 0.45 0.45 33.0 308.8 
967.59 -28.3 0.56 0.40 33.0 3013.7 
9G7.62 -31.4 0.64 0.36 32.9 :1OB.7 
967.64 -34.4 0.73 0.34 32.9 308.5 
!J67.65 -35.2 0.76 0.32 32.B 30B.6 
967.67 -35.4 0.77 0.32 32.8 308.6 
967.68 -34.S 0.'/4 0.32 32.8 30G.5 
967.69 -33.8 0.71 0.33 32.7 30a.5 
967.70 -32.6 0.67 0.35 32.7 308.4 
967.73 -31.5 0.62, 0.37 32.7 308.4 
967.74 -30. I 0.5& 0.39 32.6 308.4 
967.75 -29.0 0.!i5 0.43 32.6 308.4 
967.78 .,.28.7 0.53 0.47 32.6 308.4 
867.80 -29.3 0.55 0.51 32.6 308.4 
967.83 -30.7 0.59 0.55 ::2.G 308.4 
967.35 -31.7 0.64 0.58 32.6 308.4 
967.39 -33.2 0.67 0.59 32.6 308.4 
967.92 -33.9 0.71 O.5g 32.6 30<".4 
967.9:> -35.2 0.75 0.58 32.6 300.4 
!l6B.Ol -36.S 0.79 0.56 32.6 303.4 
968.05 -37.7 0.02 0.55 32.6 308.4 
968.11 -38.3 0./15 0.56 32.6 308.4 
9&0.16 -38.2 0.85 0.59 32.6 30D .• 1 
96B.22 -38.0 0.&4 0.62 32.(; 308.4 
958.28 -37.8 0.83 0.65 32.6 30(1.4 
968.34 -37.4 0.83 0.6e 32.6 303 .• 1 
96B .40 -37.4 0.83 0.70 32.6 30S.4 
960.46 -37.4 0.83 0.73 32.6 308.4 
96(1.52 -37.9 0.55 0.74 :n.7 30t'.4 
968.58 -38.5 0.8" 0.75 32.6 308.4 
968.65 -39.3 0.90 0.75 :'2.6 308.4 
968.72 -40.5 C 93 0.74 32.6 308.4 
968.70 -41.6 0.97 0.'12 32.6 308.4 
9G8.85 -42.5 1.00 0.71 32.6 :103.4 
968.92 -43.5 1.02 0.69 32.6 308.4 
968.89 -43.9 1.05 0.67 32.~ 308.4 
969.05 -45.0 1.09 0.64 32.6 308.4 
969.1:<' -46.0 1.12 0.61 32.6 308.4 
969.20 -47.2 1. IS 0.60 32.6 30S.3 
969.27 -48.5 1. 19 0.59 32.6 308.3 
969.3::: -~9. 7 1.23 0.58 32.5 30~.3 
969.42 -50.6 1,27 0.56 32.5 30[1.3 
969.49 -51.9 1. 31 0.55 32.5 303.3 
~)G9. 57 
-53. • 1 34 0.55 32.5 30S.2 
959.G4 -54.0 1.37 0.56 32.4 :;03.2 
969.71 -54.8 1 40 0.56 32.4 309.1 
969.79 "55.4 1 41 0.57 32.3 :lOR. 1 
9UO.C!:) -!)G.3 1.4': O.!:i7 32.3 3CS.0 
969.9:1 -56.7 1 46 0.58 32.2 308.0 
970.00 -57.5 1. 47 0.59 32.2 307.9 
'370.06 -58.4 1.51 0.57 32.1 307.9 







I'. '. .' .... 
.1805:30 to IBOS:36 COT 
COT t.LTF 
----
h m, ft 
180:; 30 
































































































































































































































































































A.8 Disturbed pressure 
..I~ 3..:.!L T f> TV/' 























































































































































































































































































121 A.B DisturbeJ pressure 
.. 1805:37 to 1805:43 COT 
~ 
.' 
CUT ALTF TA ~ z -~ TA-z P. -P. TPTW· ... :.u_,- ___ T ~ 
h m • It II mb " 
mb f: mb mb ~C oK 
180S 37 1064.3 113S.4 972.06 IIS1.8 972.70 -16.4 0.16 0.78 32.0 :;07.8 
f- 1050.0 1120.6 &73.36 1151.2 572.72 -~0.6 0.64 0.80 32.0 307.0 
1035.8 1 IOS.4 973.05 1150.6 972.74 -45.2 1. I I 0.77 32.0 307.8 
1022.0 1090.9 974.33 1150.2 972.75 -59.3 1.58 0.G9 32.0 ~107 .8 
101t .4 1079.0 !'l74.69 1149.8 972.76 -70.0 1.33 0.61 32.0 307.0 
1002.S 1070.3 975.01 1149.5 972.77 -"19.2 2.24 0.53 32.0 307.& 
!l"98.3 IOG6.2 !S75.14 1149.2 972.78 -83.0 2.35 0.45 32.0 :;07.7 
995.5 1063.6 91S.22 1149.0 972.78 -8S.4 2.44 0.33 32.0 307.7 
.- 1005 38 99S.2 10G4.2 975.21 1148.8 !j72. SO -84.6 2.41 0.33 31.9 307.7 
~95.0 10. . c; 975.19 1140.6 972.00 -84.1 2.39 0.:)1 31.9 307.7 
995.0 1065. I 975.17 1148.4 972.31 -83.4 2.36 0.33 31.9 307.6 
1 ~ 99S.0 1065.1 97S.14 1148.:2 972.81 -82.3 2.33 0.36 31.8 307.6 
995.0 1066.5 975.12 1148.0 972.02 -81.5 2.:::0 0.41 31.8 307.5 
-. 99S.0 1067.:> 97S.09 11.17.8 972.82 -80.5 2.27 0.47 31.7 307.5 
v it 995.2 1068.2 975.0S 1147.7 972.83 -79.5 2.22 0.53 31.7 307.4 995.S 1069.6 975.01 1147.5 972.83 -77.9 2.18 0.59 31.6 307.4 
lB05 39 995.6 107C.5 974.97 1147.4 Sn.83 -76.9 2.14 0.62 31.5 :W7.3 
:.~ !l9S.5 1071.3 974.94 1147.3 972.85 "76.0 2.09 0.62 11.4 :307.2 905.0 1071.8 974.93 1147.1 972.05 -75.3 2.00 0.60 31.4 307.1 
994.5 1071.7 974.92 1146.6 972.87 -74.9 2.0S 0.55 31.3 307. I 
~. 993.8 1071.0 974.91 1146.0 972 .08 -74.2 2.03 0.50 31.2 3Q7.0 993.0 1071. 7 974.91 1145.1 972.~2 -73.4 1.99 0.45 31.2 30(;.0 991.0 1071.0 974.93 1143.8 972.96 -72.0 1.97 0.40 31.1 305.!l 990.5 1070.3 974.95 lU2.3 973.01 -72.0 1.94 0.37 31.0 306.0 
I' 1805 40 986.3 1066.3 975.02 1140.4 973.07 -7:.1 1.95 0.3" 3LO '306.7 r' 
r 985.5 1055.7 975.10 113"'.1 973. 1 4 -72.4 ~ .ss 0.33 :lO.S ::>C6.7 
L~ 982.2 lOG2.5 975.:20 1135.6 97'3.22 -73. I t .98 0.41 30.9 306.6 979.0 105!'l.3 !'l75.30 1132.8 973.31 -73.5 1.99 0.45 30.9 30G.6 
[.-: 976.0 1056.4 975.40 1129.7 973.41 -73.3 1.99 O.SI 30.<3 :lOS.S 973.0 W53.2 !l7S.51 1126.4 913.51 -73.2 2.00 0.61 30.8 30G.S 
969.0 1049.7 975.62 1123.0 973.63 -73.3 1.99 0.74 30.!! :lOU.S 
!l66.5 1046.2 975.73 1119.3 973.75 -73.1 1.98 0.90 30.1 30G.5 
" 
1805 41 ,,63.2 1042.7 £/75.85 1115.5 973.07 -72.8 1.98 LOG 30.7 306.5 
&60.0 1O'3!J.2 !;75.97 1111.5 974.00 -72.3 1.97 1. 22 30.7 3OG.5 
f57.0 1036.0 976.07 1107.2 974.14 -71.2 1. 93 1.35 30 .. / 30:;.4 
9S4.0 1032.6 976.18 1102.8 974.26 -70.2 1. SO 1.49 30.7 306.4 
SSO.!! 1029.4 976.29 1090.2 914.42 -60.8 1.117 1.60 30.7 30~.4 
947.5 1026.0 97C.40 1093.4 974.S0 -57.4 1.82 I. 67 30.7 OOG.4 
944.2 1022.!; 576.51 1088.4 9'~.74 -65.9 1. 77 1. 72 30.7 :;06.4 
941.0 1019.4 976.62 108:;.2 974.92 -63.8 1. 70 1. 7C 30.7 306.4 
1805 42 936.9 1015.3 576.75 1077.8 975.09 -6:2.5 1.1"6 1. 79 30.7 306.4 
932.0 1010.6 975.91 1072.2 975.27 -61.6 t .64 1.02 :30.7 30G.5 
925.6 1004.0 911.13 1066.4 975.46 -62.4 1. 67 La6 30.7 :106.5 
919.5 997.0 977.34 1060.4 975.66 -62.6 1. 68 1. \J 1 30.7 :;06.S 
912.4 990.2 971.58 1054.2 975.05 -64.0 1. 73 1.98 - 30.1! 30G.S 
905.0 902.7 917.84 1048.0 916.05 -65.3 1. 79 :2.06 30.6 306.C 
897.0 974.6 978.11 1041. 7 976.26 -1:.7.1 1. 85 2.14 30.B ::;06.6 
839.0 966.5 (118.30 1035.4 976.46 -rg.9 1.92 2.23 30.9 306.6 
180S 43 891.0 958.6 978.64 1029.1 976.67 -70.S 1.97 2.31 30.9 306.6 
873.0 950.0 916.90 10n.a 97G.37 -72.0 2.03 2.36 30.9 306." 
066.7 944.6 !n9.11 1016.5 977.09 -;1.~ 2.03 2.<10 30.9 306.7 
061.5 9:19.9 913.27 1010.1 977.27 -70.2 2.00 2.40 31.0 JOG.7 
658.4 937.1 979.36 1003.7 !J77 .40 -66.6 1. on 2.3·l JI.O 3ClS.8 
855.5 934.6 979.45 997.3 977.70 -62.7 t. 75 ~.34 31.0 3CG.O 
6!13.G 933.4 979.49 990.G fH7.90 -57.4 1.59 2.32 31.1 30;;.8 





t I' I . I . . - , . 










1805:44 to 1805:50 CDr 
COT 





































































































































































































































































































A.8 Disturbed pressure 
TA-z ~,_ TPT':t T 




























































































































































































































































































! ' . 
APPENDIX 9 CURVATURES 
Shewn in this table ~re: t. horizontal path ntt~le ::lcasured frem 
x; •• aircraft heading measured fre~ x;~, vertical path angle rne35ured 
from X, and 8. pitch nngle of aircrnft. For curvatures. see Fig. 
3.S (P 31) and Fig. 3.U (P 33). 
1804:56 to 1805:01 cor 
COT 
_t_ 
_IJ<_ r."2~ av/as _'1_ _8_ __C1'U- a9/a~ 
"m , dt<) dt<;l ro.1oan/m rodlCn/m do,:! <'.~ 1C!dIO~/m rod>:!,,/m 
1304 56 -2,42 -5.94 0.000146 0.CCOO:l2 -3.5-' 4.40 0.000005 -0.000000 
-2.33 -!i.a9 0.000146 0.0000(19 -3.5G 4 40 0.000004 -0.roooo3 
-2.~3 -5.04 0.000147 0.000097 -:.t.56 4.40 0.000003 -O.OOOOI{; 
-2.14 -5.79 0.OOOI4Fi 0.00:)105 -3.56 4.40 0.00000:. -0.000024 
-2.05 -5.72 O.ooOI!;O 0.000110 -3.56 4.38 0.000005 -O.OCC027 
- I .IlS -5.64 0.000151 O.CY;0113 -3.56 4.35 0.000007 -0.OOC025 
-1.86 -5.56 0.OC015l 0.000118 -3.55 4.32 0.000')1)9 -0.00002t 
- 1.7(; -5.49 0.000152 0.000126 -3.55 4.30 0·000003 -0.000021 
1&04 57 
- 1.66 -5.42 0.0001r,1 0.000135 -3.54 4.:'fO 0.OCOOO9 -O.OCOO:;'·1 
•. I .5" 
-5.34 0.000150 0.00.;144 -3.53 4.30 0.OOCOO9 - 0 . 0"."'00::;~ 
-1.47 -5.24 0.000149 0.000150 -3.52 4.:28 0.000009 -0.OOOC31 
-1.38 -5.14 0.000148 0.000153 -3.5~ <1.25 O.oooc.Oll -0.000027 
- 1,29 -5.04 0.000145 0.000160 -3.51 4.22 0.000006 -0.0000:11 
-1.19 -4.!?4 0.000142 0.000174 -3,51 4.20 0.000005 -'0.000014 
-1.10 -4.~'" 0.CC0133 o . (XX)! 94 -3.50 4.20 0.000004 -0.000011 
-1.01 - .. ;74 0.()()OI32 0.000:?17 -3.50 4.20 0.OJOOO4 -O.C<X.'015 
-0.!!3 -4.GO 0.OO()126 0.000:!:?4 -3.[,0 4.20 0.OCOO:)7 -O,~:!' 
-0.1l5 -4.44 0.0001 \G 0,0"."0242 -3.50 4.20 0.0"..0010 -0,000027 
-0.78 -4.26 0,000112 0.000245 -3.49 4.1B 0.OC'OOI3 -0.000030 
-0.71 -4.09 0.000104 0.0002<:3 -3.48 4.15 0.OO~15 "0.OOC02G 
-0.65 -3.94 0.000097 0.000242 -3.47 4.12 0.000017 -0.CO'J020 
-O.U9 -3.79 0.000089 0.000242 -3.46 4.10 O.OC-0017 -0.000:>13 
-O.!i3 -3.64 0.00"';082 0.000242 -3.45 4.10 O.OC'OOIS -O.CCOOOS 
-0.,19 -3.49 0.000076 0.0002U -3.43 4.10 0.COOO14 -0.00000G 
-0.·;4 -3.34 0.CO(X)70 0.000239 -3.<12 4.10 0.000010 -O.O<X>OO~ 
-0. ~O -3.19 0.000066 0.000233 
-3.'2 4.10 O.OCCOOG -0.()()O;Y.;3 
-0,36 -3.04 0.000063 0.0002:!5 -3.41 4.10 0.000001 -0.000004 
-0.33 -2.e9 0.OOC.QG2 0.000217 -3.41 4.10 -0.COOOO3 -0.000010 
-0.29 -2.76 0.OC0061 0.000209 -3.42 4.10 -0.000007 -0.000011 
-O.~!j -2.64 0.0')0061 0.000200 -3.42 4.10 -0.000011 -0.00(';0'- 5 
-0.22 -2.52 0.000062 0 .. 000187 -3.~3 4.03 -0.000014 -0.OOOn8 
-0.18 -2.39 0.00.)064 0.000172 -3.44 4.05 -O.OCOO17 -v.OOOO2~ 
-0.14 -2.28 . 0, CY'.",oo6G 0.000159 -3.45 4.02 -0.000018 -0.000019 
-0.10 -:.19 0.000070 0.000153 -3.47 4.00 -0.000020 -0. CY'JOOI 3 
-0.06 -2.12 0.009014 0.000153 -3.48 4.00 -0.000021 -O.O(}::>OOU 
-0.01 -2.04 0.000079 0.00015G -3,49 <I.t'O -0.000023 -0 .• ::0:00;; 
0.04 -1.94 0.0:10034 0.000153 -3.51 4.00 -O,OCOO24 -0.000004 
0.03 -1. 84 0.000090 0.000159 -3.52 4.00 -0.O{)o..,)25 -0.000003 
0.15 -1.74 0.000095 0.000160 -3.54 4.00 -0.0"..>0025 -O.OOCOO:! 
0.21 
-1.6' 0.000090 0.000160 -3.56 4.00 -0.000023 -O.OOOy'H 
0.26 - 1.!;4 0,000102 0.00015[1 -3.57 4.00 -0.000021 -0.000:>01 
0.:14 -1.44 0.(;00104 0.GOO153 -3.59 4.00 -0.000018 -0.000001 
0.41 -1.34 O.CCY.lIOS 0,000142 -3.(;0 4.00 -0.CC~'4 -0.000000 
0 . .\(\ -1.24 O.oooIOG 0.000128 -3.Gl 4.00 -0.000008 -O.<XXXXYJ 
0.51 -'.16 0.000106 0.000115 -3.GI 4.00 -0,00:)00:1 -O.COOCOO 
0.61 -1.09 O.G'OO10~ 0.0('0104 '3.61 4.CO O.OV"OOO4 -0. OOCY''/JO 
0,(;6 
-1.N ° ,{"l(X')IC2 O,(,~09C! -3.61 4.00 ° . 000..,"'0 ~ -O.OO:x>cO 
0.74 -0.99 O.O~JOOS~ O.CVO~9? -:J.60 4.00 0.00CQ12 -0.000<XXl 
----_._ .. -.'~--:--~"~ .. --.----------
-~.-......-....;.."'--...:..-.-............,.,....,.....;...!~~-'" _.ou .. ~.~~_"".;. ........... _"~..:.i.; 
, 







\ 125 A.9 Curvatures 
1805:02 to 1805:08 CDT 
COT ~-- _I/t_ c.o• ~d~. -'1- _!l.- c.!. :>9132.-
h m ~ de~ d", rod"o/M 'cd~n/m dl~ doq n:.d'(ln/m md,on/m 
1805 02 0.80 -0.9~ 0.000095 0.000104 -3.59 4.00 0.000015 -0.000000 
0.86 -0. 6~f 0.000091 0.000110 -3.58 4.('.0 0.000011 -0.000000 
0.92 -0.32 0.000087 t' .000112 -3.56 4.00 O.OCOOIL~ -0.000000 
0.91 -0.74 O.OOCOB4 c.'. 000 105 -3.55 4.00 0.000019 -O.OOOO()O 
1.02 -0.G6 0.000031 0.C00104 -3.54 4.00 0.0000:20 -0.000000 
1.01 -0.59 0.000076 0.000103 -3.52 4.00 0.0-00020 -0.000000 
1. 12 -0.54 0.000075 0.000109 -3.51 4.00 0.000021 -0.000000 
1. 16 -0.49 r'.000073 0.000120 -J.50 4.00 0.000023 -0.000000 
1805 03 t. 21 -0.tt2 0.000012 \).000129 -3.49 4.00 0.000027 -0.000000 
1.25 -0.34 0.000013 ().00013:! -3.47 4.00 0.000032 -O.OO:XXX> 
1.29 -0.:!4 0.00007-1 0.000132 -3 .• 15 4.00 0.0000:l'f -0.000000 
1.33 -0.14 0.000075 0.000129 -3.43 4.00 0.000042 -0.000000 
1.38 -0.06 0,000076 0.000128 -3.40 4.00 0.OOOO~5 -0.000000 
1.43 0.01 0.000076 0.000133 -3.37 4.('.) o 000045 -O.OOOVOO 
1.48 O.OB 0.000076 0.000'40 -3.34 ':.00 0.000044 -O.OOCO:>o 
1.53 0.16 O.OOOO7i 0.000148 -3.31 4.00 0.000042 -0.000000 
tC05 04 1.51 0.2<; 0.00"'..,079 0.000153 -:.28 4.00 0.000041 -0.000000 
1.6:! 0.36 0.COOD8:) 0.000156 -3.26 4.00 0.000040 -0.000000 
1.61 0.46 0.000030 0.0001S8 -3.23 4.00 0.CY.X>040 -0.000000 
I 1. 72 0.56 0.0(001)0 0.000159 -3.21 4.00 0.0?0041 -0.0000-:>0 1. 71 0.E6 0.000078 0.000160 -3.18 4.00 0.000042 -0.000-:>00 I 1. 82 0.76 0.000077 0.000161 -3.IE 4.00 0.000045 -0.000000 , 1.87 0.06 0.000076 0.000159 -3.1:l 4.00 0.000049 -0.000002 , 1.91 0.96 O.(Y.)C076 0.000153 -3.10 ':.00 0.000050 -0.00000(3 
I t 
.. ) r tOOS n5 1.96 1.0G 0.000076 O.OOOI~3 -3.07 4.00 0.000050 -0.00::'011 I 2.00 L16 0.OC'0076 0.0001:'9 -3.03 4.00 0.0000.;7 -0.OOV025 I 2.05 1.24 0.000076 O.OOO! H. -;\.C() 3.S:! 0.0000·11 -0.000030 f 2.10 t.31 0.000076 0.000104 -:L~7 3.95 0.000035 -0.000033 2.15 1.36 0.000076 O.OCOO33 -2.95 3.92 0.00:::020 -0.00(1030 2.19 1. <; 1 0.000077 0.000100 -2.93 3.~O 0.000026 -0.0000':6 
2.24 1.46 0.000079 0.000105 -2.92 3.05 0.000025 -0.000055 
2.2B 1. 51 0.00(:Q02 0.000111 -2.!J~ 3.B5 0.OOOO2R -0.00001;4 
1805 06 2.33 1.50 0.oe0066 0.000110 -2.S0 3.00 o.ccoon -0.0000'(0 
2.39 1.66 0.OO"">o!l9 O.OOO'CO -:1. BlI 3.7<; 0.000036 -O.COOO73 
2.4~ 1.74 0.000030 0.0000135 -2.1l6 3.'),. 0.000039 -0.0000;6 
2.50 1. 0 1 0.000090 O.GQO()'IO -2.83 3.65 0.00003" -0.000079 
" 
2.56 1. 04 0.000099 0.000062 -2.CO 3.60 O.OOC037 -0. (x''OO79 
2.62 1.86 0.000087 0.OUOO62 -2.79 3.~5 0.OCOO35 -0.000030 
2.67 l.ea 0.000085 0.000066 -2.16 3.50 O.OOOO:l1 -0.COOO80 
2.72 1.91 0.000035 0.000071 -2.74 3.045 0.1)00027 -0.00<.>081 
.j 1005 07 2.77 1.96 0.000037 0.OCOO75 -2.72 :>.40 0.0000::0 -0.000031 2.0:/ :2.01 0.000039 0.000077 -2.70 3.35 o 000013 -0.~;o131 2.87 2.06 0.000092 0.000078 -2.70 :1.20 0.0::,000'; -1').000::'01 2.93 2.11 0.00009:- 0.000079 -2.69 ::1.25 o.ooo.x:o -0.(.'00031 2.99 2. It; 0.OOCC92 0.000080 -2.70 :),;'0 -0.000003 -0.COOO31 
f 
3.05 2.21 0.000091 O.OOOO!lO -2. '11 3.1S -0.000005 -0.COoo8l 
:l. 11 2.2G O.C<XY.):)O O. I)OQOIl 1 -2.71 3.10 -0.C>OOOO5 -0.000079 
3.16 2.31 0.000090 0.000001 -:=.72 3.(15 - 0 • \)()C()OO -0.00'.J073 
11305 OS 3.21 2.36 O.OOOOSO 0.0000'13 -2.72 3.,,:·0 - C • CXXXX:J1 -O.OCOOG:J 
,i' 3.27 2.41 0.0000'11 o.oooo~o -2.73 2.:' 5 -0. COOO 10 -·;).OJOQS7 
r 
3.32 2.46 O.<XY.J091 O.COOO33 -2.7J 2. !:2 -0.000011 -0. C'.'005 I 
:1.3& 2.51 0.000090 0.000106 -2.74 2.':>0 -0.COOOI2 -0.00(>048 
3.44\ 2.55 O.CCOOO9 O.CooIO:) -2.75 2.tJ8 -O.0J-0011 -o.c.oCO,",G 
r 
J.49 2.GC, 0.000030 0.OOC106 -2.76 2.! 5 -0.('-00010 -O.OO0(M4 
3.55 2.74 O.OCCOOG C.Q(X)\OI -2.76 2.,',2 . ~.OCOOOG - 0 . \XJov"O( 5 
3.60 2.S1 O.C-OooS3 0.00-:)094 -2.77 :z.~o -o.~ -0.00;;)51 
------
, 
t-·"::~J __ ::-_--:-" ________ .. __ ~_. __ --;_.-"". __ ._~",._~_",_,-,,~u$""",,-'_~r""'d'.~ ... V'.'--:.,; •. !~'.:-
f~------------'--'---' 
t· ; , . 
,' .. ' 
I , , 
I JI.9 Curvatures 126 .. 
1805:09 I to 1305:15 CDT ! 
1 C [;T -~- _t;_ ~~ _ n\>j/flS _L _lL ,. ~L _ '"' "-1· i II 
m '. 
d'Q c!lQ r!.oOoonl m fl,j".~n/m ~ d~ rnj'(ln/m ,od",n/m , 
t ._ .. _-_ ....... -
. i , 1805 09 3.G5 :<.86 0.000079 O.OJOQ:lO -2.77 :::.7& -0.000004 -o.COOO'5~ , 
t 3.10 2."1 0.OCG07:J 0.000081 - 2.71 :I.i5 -0.00.:>001 -0.OOOOG6 
! 3.14 2.96 0.()OO()G3 0.000:)35 -2.1 ! 2.70 0.000003 -ll.CX>OO72 
I 3.79 3.01 C) • OC·:>y:' t 0.0IY.YJ34 -2.17 2.rS 0.000008 -0.OOCo()75 
I 3.f':! 3.CS C~OO:-~S4 0.000083 -2.7": 2.60 0.000013 -0.000077 I 3.S6 ::I. It 0.000047 O.OCOOOJ -2.1G 2.55 0.000011; -0.000Cr73 I 
I 3.88 3.16 0.000040 0.000082 -2.75 2.50 0.000017 -0.000079 I 
~ 3.91 3.21 0.C00033 0.00001!2 -2.n 2.45 0.O~18 -0.OCOO60 
1805 10 3.93 3.26 0.000026 O.OOOO:l2 -2.7:! 2.40 O.COO<.iIB -0.000001 
3.94 3.31 O.QOOOI!) 0.000082 -2.71 2.35 0.OCO~18 -O.OOOO~1 
3.95 3.36 0.000012 0.0000B4 -2.70 2.30 0.000018 -O.oooo!ll 
3.96 3.41 0.000004 0.000~90 -2.GS :.2~ O.OOCOI7 -().OOOO81 
3.96 3.46 -0.000003 0.000096 -2.G7 2.:<0 0.000015 -0.0;)QC61 
3.95 3.51 -0.000010 0.000098 -2.66 2.15 0.000013 -0.CXX'O'31 
3.95 3.58 -0.000016 0.000093 -2.65 2.10 0.000009 -O.OOCoO(l1 
3.93 3.66 -0.000021 0.OOOOS2 -2.65 2.05 0.000006 -O.()()oo81 
1805 It 3. ~'2 :.t.72 -0.CCtOO24 0.OCO:'10 -2.64 2.00 0.000001 -0.0.. "'<Ill I 
3.90 3.76 -0.OCOO26 0.000060 -2.64 1.95 -0.000003 -O.<XX. 'II 
I 
3.88 3.10 -0.01.10029 0.00005·' -2.G5 I. 90 -0.ocoe01 -0.0000,,1 
i 3.86 3.111 -0.00:>032 O.OCX'''(;SO -2.G5 1.!I:i -0.COOO09 -0.000031 I 3.84 3.B4 -0.000036 0.o<y,,;.o47 -2.66 1.80 -0.000012 -O.OCoOO!l1 
i 3.82 3.1l6 -0.00::>040 0.OOC045 -2.61 . 1.15 -0.000015 -0.000001 
I 3.1~ :l.BS -0.000045 0.OOOO~3 -2.60 1.10 -0.000022 - 0 . O·Ji.)Q3 1 
i 3.16 3.91 -0.000048 0.0000012 -2.G9 1. GS. -0.000035 -0.0000(;1 
i 1805 12 3.73 3.94 -0.OOOC50 O.OOOOU -2.7: I.GO -0.()()oo55 -0. OOOCO 1 I 3.69 :? .96 -0. COOOS I 0.CY'vOO50 -2.13 I. 5'3 -O.OOOC'83 -0.0C'0081 3.G6 3.98 -O.OCOO52 0.000056 -2.18 1.50 -0.000111 -0.000014 3.1)3 4.01 -O.OOOO~I 0.000057 -2.es '.45 -0.000152 -O.OOOO~G 
" r I 3.59 4.0G -0.CoQOO40 0.000055 -2.9!; 1.40 -0.000164 -0.0(;-0024 I 3.S£. 4.11 -0.C<XX>46 0.00'.'050 -3.01 I. 35 -O.C>.J0203 0.000019 3.53 4. t4 -0.000043 0.000046 -3.22 1. 36 -0.0Ct.:l222 0.000::160 
! :l.50 .1. IS -0.000041 0.000045 -3.:l8 1.40 -0.000224 O.OOOO!J4 
1805 13 3.·~·1 4.18 -0.000039 0.000041 :"::-.54 t.!.0 -0.00')215 0.000120 
1 3.45 4.21 -0. C:.J('.oJ8 O.OOOOH -3.69 I. GO -0.000195 o . O\.')() 1 <1 I 
-/i 3.42 4.24 -0.0:100:;1 0.00':>0:13 -3.6:1 1.70 -0.OCOI6S 0.000162 :1.40 4.26 -O.Q(lOO:11 0.000003 -3.93 1.80 -0.000131 0.000103 
I 3.30 ~.26 -0.000031 -0.000008 -4.01 1.92 -0.000095 0.OO'.J19!1 
3.35 4.26 -0 0.")0036 -0.C'OOO26 -4.0C 2.05 -0.000061 0.000207 
I 3.32 (.24 -0.000033 -0.C.OO()42 -4.09 2.:20 -0.000021 0.(0)212 3.30 4.21 -0.COOO31 -0.OO()O55 -4.03 2.35 0.COOOO9 C. ()I.)Q2 16 
i : 
I I la05 / I 14 3.2a 4.1G -0 oooo~s -0.0'.)()0G5 -"LOO 2.48 0.000('49 0.000123 
I I 3.26 4. I I -O.COOO27 -0.COOO70 "4.04 2.60 O.OO()OSI 0.00:)231 ! I ~.25 4.06 -O.O(..'()tJ2S -0.000014 -3.9!) 2.74 O.COOI2:) 0.000227 l :1 .23 4.01 . ··O.\1XO()~2 
-0.000017 -3.119 2.90 0.00"'156 0.000205 I , 
I 
, 
3.:<2 3.913 -0.OCOOI8 -0.00007B -3.1C 3.06 0.000173 0.000172 ! 3.21 3.91 -0. (xXX> 1 G -0.000Q80 -:.63 3.20 O.COOISI 0.OOVI3~ 3.20 3.a6 -0. (X.>O? 15 -0.000030 "3.!:'0 3.26 0.000181 0.000102 
f 3.'9 3.111 -0.00:.;013 -C.OOOOCI -3. ::lfJ :1.30 0.000174 0.00::>076 
! le05 15 3. Ie 3.16 "0.00":)012 -0.000031 -J.2G 3.32 0.00016:< o.oooo~o 
I 3. fa :1.71 -0. XX)OIO -0.OOOC32 -3. '6 3.35 O.OCOI44 0.ooJ016 3. 11 3.GG -0. ;)(:{1003 -0.000062 -3.06 3.3G 0,(.,OC'23 -0.000010 3. '6 3.Gl -0.')()OOO8 -0.000-,111 -2.~:: 3.3S 0.OOO~C2 -O.COOO34 
i 3.1~ 3.56 -0.')0(,00 10 -o.oco·::J!:\O -2.93 3.30 0.0000U6 -C.OC.QV46 , 3.1G 3.51 -0 .• )<,)0015 -0.000073 -,.,89 3.25 0.oor...o7C -0.00\.."043 ! 3.15 3.";::; -0. 00C.1()2 1 -0.000,)63 -2.06 ::1.20 0.C)OQ010 -0.0')(;032 3.13 3.41 -O.COOO:!G -0. eeOC.Hi -'2.03 3. I~ 0.000055 -0.000014 i 
I 
···1 " "' , , '. 
i 
" i..4-..•. ___ :-. 
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. t· I 
L. 
"""--, ---",,'--' -.~,. 
COT -~- -'1'- ~-~ a"/as 
h m .'~ ______ ~ ____ . __ ~ ____________ . ________ __ dtO dt9 rodt"'/m ,ad"'~/m 
1605 16 3.12 3.38 -0.000030 -0.OOOO3~ 
3.0~ 3.:16 -0.000031 -0.OO()O23 
3.07 3.36 -0.000029 -0.')000113 
3.04 3.36 -0.000('25 -0.000019 
3.02 3.36 -0.000019 -0.000029 
3.00 3.36 -0.000012 -0.0000·\7 
2.99 3.34 -0.0:;0008 -0.000060 
'.93 3.31 -0.000007 -0.00001)7 
1805 11 2 99 3.24 -0.000010 -0.000100 
2.98 3.16 -O.OOooIG -0. O<Y.) 108 
2.97 3.08 -0.000024 -0.000118 
2.95 3.01 -0.000032 -0.000135 
2.93 2.94 -O.OOOO-ll ··0.OOOI5~ 
2.90 2.BE -0.000050 -0.000164 
2.86 2.74 -0.000059 -0.000166 
2.S2 2.61 -0.000068 -0.000159 
1805 18 2.77 2.50 -0.000077 -0. O(},) 150 
2.7~ 2.41 -0.000036 -0.000143 
2.66 2.34 -0.000093 -0.000134 
2.60 2.:16 -0.000099 -0.000125 
2.53 2.16 -0.000104 -0.000117 
2.46 2.11 -0.000108 -0.000113 
2.39 2.06 -0.0')',)114 -0.000115 
2.:12 :2.01 -0.0--"'0122 -0 . oro 120 
180S 19 2.25 I. 94 -0.0001:12 -0.00011a 
2.11 I.B6 -0. O.:}O 14.1 "0.0<iOl07 
2.08 I. 78 -0.000153 -0.000091 
1.913 1. 7 I -0.000161 -Q.000074 
I. 88 1.68 -0.000169 -0.000063 
1.'17 1.66 -0.000170 -0.000057 
1.6G 1.64 -0.0'00188 -0.000053 
1. 55 1.61 -0.C'OO197 -0.OOOC50 
lElOS ~O I. .13 1.58 -0.000204 -0.OOCO~8 
1.10 1.56 -0.000:;08 -0.0000·16 
1.17 1. 54 -0.000:209 -0.OO004J 
1."~ 1.51 -0.000206 -0.000036 
0.92 1.48 -0.(>00208 -0.000027 
0. CO 1.46 -0.00):208 -0.000018 
0.G7 1.46 -0.000207 -0. oo.x> 14 
0.55 1.46 -0.COO205 -0.0000!7 
1805 21 0.43 1.46 -0.OO.;')~9B -0. 00002 ( 
0.31 1.46 -0.000186 -0.000040 
0.2" I. 44 -0.COO177 -0.000056 
0.09 1. 41 -0.(,'OOlG5 -0.000075 
-0.00 1.36 -0.COO1S3 -0.000095 
-0.03 1. Jl -0.\)()()141 -0.000115 
"0.17 1 .24 -0.OCOI21l -0.0001:14 
-0.:14 1. 16 ··0.00Q117 -0.000150 
1805 2~ -0.30 1.06 -0.000107 -0.00'')1£0 
-0.36 O.!1G -O.COOOS!) -0.000161 
-0.41 0.86 -0 .000'J~H -O.OC:Ol":! 
-0.46 0.76 -0.,..00083 -0.000175 
-0.51 0.66 -0.O:XXl7::l -0.000170 
-C).55 0.56 -0. (iOOO63 -0.000179 
-0.58 0.4G -0. ()OO055 -0.lf'v01BI 






























































1805: 16 to 1805:22 COT 
_ 8_ e .... aela~ _ 
de<: rcd,an/m "ldlOn/m 
3. '" 0.000051 0.00000:-3.15 0.000022 0.000015 
3. Ie -0.000027 0.000026 
3.20 -0.r.')OO94 0.000038 
J.:!:! -0.000169 0.<Y'J0053 
3.25 -0.000245 0.000070 
3.30 -0.000305 0.(X)OO93 
3.35 -0.000343 O.OOOl2.t 
3.42 -0.000354 0.000166 
3.50 -0.000338 0.000215 
3.1:>4 -0.00Y.)296 O.OOO2"il 
3.BO -0.C002~7 0.OOOJ33 
4.02 -0.OOOt62 0.000399 
4.25 -0.000075 0.000461 
4.56 O.OCOOI3 0.OOJS10 
4.!lO 0.0000:)6 0.000542 
5.28 0.OOCl67 0.000556 
5.65 0.000'111 0.000552 
0.00 0.000251 0.0005:28 
6.~5 0.000268 0.000478 
G.GS 0.OOO27( 0.000409 
6.95 o . 0-,"'02 7 ~ 0.0003:'6 
7.13 0.OOO2G2 O.OC02~2 
7.25 0.000242 0.000190 
7.:?O O.OOO:!iO O.O<..'OI.{S 
7.:5 0.000lG9 0.000119 
7.38 0.00012G 0.000113 
7.40 0.0'::10088 0.000126 
7.44 O.OOCCliO 0.000153 
7.50 0.oono':3 0.000169 
7.62 O.OVO<. :0 0.ocon5 
7."15 0.0<XXI20 0.000:250 
7.9~ O.C)()COIO O.OOO2118 
a.l0 0.000004 0.000315 
0.30 0.000004 0.0001"3G 
8.50 0.000012 0.000347 
8.72 0.000027 0.0003S1 
8.95 0.0000-17 0.C00351 
9.16 0.000072 0.0--"<)35 I 
~l. ;:15 0.00010:2 0.000352 
9.54 0.000133 0. ()Q()341 
9.75 0.0001'52 0.000335 
!l.9S 0.000180 0.000310 
~O. 15 0.OCOle5 0.00<)30t 
10.30 0.00:>175 0.000::04 
W.45 0.OOOt51 0.000264 
10.60 0.OCoOl::l3 0.000237 
10.75 0.0-;)0093 0.000202 
lO.£;(; 0.000072 0.0--"'0 I 67 
1O.9S 0.OC<>OG5 0.000134 
1 I. co 0.000073 0.0".)0 1 07 
11.05 0.000091 0.000087 
11.03 O.OOOIO~ 0.00.)073 
".'0 0.0000;)9 O.ooo..."'G·l 1 I .12 0.000073 0. ()o.)oJSO 
1 t . Hi 0.000050 O.OOCO!;4 
" 
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.. I 128 I il.9 CurvatureS 
I 1805:23 to 1805:29 enr 
I 
". I COT -~- _ L. _C..,_o_ --.?-.;...::~'?. _-1- _ 9 _ __ c __ ..!.! __ .-il!!lilS 
\ h m • dtq c!f'Q rodo<ln'm fOClIJo/rn d~Q 1l8q ro1>o~/m ,adlOn/m 
I 1805 23 -0.63 0.26 -0.OOOO~8 -0.000100 -1.47 It.HI 0.OOOC36 0.OOO~52 
I 
-0.65 0.16 -0.000047 -0.000174 -1.47 11.20 0.0000<17 0.000050 
-0.67 0.06 -0.001)0.013 -0.0001G2 -1.49 11. 22 0.000077 0.000046 
-0.70 -0.04 -0.000035 -0.000147 -1.47 11.25 0.000119 0.000038 
-0.1'- -0.12 -0.000022 -0.000134 -1. 4\ 11.20 0.0)0155 0.000028 
I -0.74 -0.19 -0.0000% "0.000129 -1.32 11.30 0.000161 0.000019 -0.74 -0.24 O. O()()f.)()O -0.000127 -1.20 11.'30 C.COO1!)1 0.000012 -0.7J -0.29 0.0000:21) -0.000124 -1.07 11.30 0.000131 O.o::>oC'Q8 
I 
1805 24 -0.71 0.000028 -0.000115 -0.94 11.30 0.000148 O.OOOOOG i -0 JG 
-0.69 -0.44 0.000031 -0.000099 -0.li4 11.30 0.000092 0.OOCOO4 
-0.66 -0.50 0.O<YJ031 -0.000007 -0.76 11.30 0.000021 0.000003 
-0 64 -0.54 0.000027 -0.000082 -0.74 11.:;0 -').000056 0.000002 
-0.62 -0.56 0.000020 -0.000083 -0.78 11.30 -0.000123 O.QOCJOOI 
-0.60 -0.S9 0.0:>0009 -0.000038 -0.88 11.30 -0.COOn3 0.000001 
-0.60 -0 64 -0.000005 -0.000091 -1.01 11.30 -0.000211 0.000001 
-0.60 -0.69 -0.000020 -0.00:>092 -1.16 11.30 000246 0.000000 
1805 25 -0.61 -0.74 -0.COOO34 -0.000093 -1.30 11.30 J00287 0.000003 
-0.63 -0.79 -0.000047 -0.OCY'...o94 -1.45 11.30 - .... .>00334 0.0<Y.Y.l10 
-O.G5 -0.B4 -0.000053 -0.000095 -1.62 1 I .30 -0.000373 1).000020 
-0.69 -0.B9 -0.0000(;7 -0.000095 -1.84 11.30 -0. (.'O02'.?9 0.OVOO59 
-0.73 -0.94 -0.000076 -0.000093 -2.03 11.32 -0.000408 0.000101 
-0.77 -0.99 -0 000085 -0. OCOOB6 -2.32 I I .35 -0.000404 O.oooll;(l 
-O.BI -1.04 "'O.OOO(!~5 -0.000074 "2.55 1 1.44 -0.000395 0.00019:1 
. -0.1l6 -1.09 -0.000106 -0.OCOOS7 -2.76 I 1.55 -O.COO:'!79 0.000233 
1805 .. 6 -0.92 -1. \2 -O.~IIG -0. O)()O-I 1 -2.!:6 1 I. ~O -O.O;X)155 0.0002G€ 
-0.98 - 1.14 -0.000121 -0.000027 -3.15 11.85 
-0. 'X'IOJZ 1 0.000289 
-1.05 - 1.14 -0.000139 -0. O'"vOO 18 -3.32 12.02 -0. O"J02 8 I 0.000306 
- 1.12 -1.14 -0.000150 -0.OOJOI2 -3.47 12.20 -0.or...o238 O. {Y')c3 17 
-1.20 - 1.14 -0.000160 -0.00001 I -3.59 12.38 - 0. . erA 1:} S 0.000327 
-1.29 - 1.14 -0.000171 -0.000016 -3.67 12.55 -0.00016G 0.0:>0339 
- I. J8 -I. U -0.000183 -0.000025 -3.74 12.72 -0.(X)0118 0.0003'.:.5 
- 1.47 -1.14 -0.000195 -0.00<l042 -3.79 12.90 -0.oeOI16 0.000375 
1805 27 -1.57 - 1.16 -O.OO020!> -0.00C<>58 -3.04 13. :0 -0.000101 0.000:>93 
-1 . .38 -1.19 -0.000214 -0.000071 -:LB9 13.30 -0.000094 0.000407 
- I .eo - 1.24 -0. ('.002 18 -0.000000 -3.91 13 52 -0 CXX>C::'i 0.000':06 
-1.92 -1.29 
-0.000218 -0.000065 -3.95 13.75 -O.l1-~Ot05 0.000303 
-2.03 - 1.34 -0.000217 -0.OCOO59 -3.99 13.91l -0.000115 0.000343 
-2.15 -1.39 -0.000114 -0.000092 -4.05 14.20 -O.OOO12J 0.000292 
"2.26 - 1.44 -0.000213 -0.CCOO94 -4.12 14.34 
-0.OOCI2" 0.0002S4 
-2.37 -1.49 -0.000215 -0.000095 -4.19 14.45 -0.000: Hi 0.000235 
lB05 28 -2.47 - 1.5<1 -0.000220 -0.000096 -4.~& 14.52 -0.000103 0.0<.-"02 J I 
-2.58 -1.59 -0.000:!29 -0.000096 -4.32 14.CO -o.cocoa? 0.0':>02:16 
-2.70 -1.64 -0.000244 -0.OOOOS7 -4.37 14. 'l2 -0.000071 0.0002:13 
-2.82 -1.69 -0.000268 -0.000097 -4.40 14.85 -0.OOCoQ57 0.0002 HI 
-2.95 
- 1.74 -0.000:'99 -0.000034 -4.42 1·4.98 -0.OOOO311 0.OCJ0196 
-3.10 -1.7!l -0.CC0334 -0.0::'-"'10137 -~.44 15. ~o -0.00001 I O.'.)OO17~ 
-3.27 -1.84 -0.000366 -0.000077 -4.4S 15·.1B o.cooon o .0'':0 14~1 
-3.47 -I.8'J -0.00{)393 -0.CCOOG7 -4.45 15.25 0.COI..1059 0.000132 
1805 29 -3.69 -1.!l2 
-0.000422 -0.0000G4 -4.41 1:..30 0.000087 0.000:20 
-3.!l3 - t.!<4 -0.0\A)437 - 0 . ()QQQ,; 'r -4.:15 15.35 O.or...,010' 0.0<:-0113 
-4.17 -1.96 -0.0,)()447 -0.COOO-;4 -4.:17 15.40 0.000101 0.000105 
-4.41 
-1.99 -0.00045:1 -Q.OOC<)62 -4.19 15.45 O.O-Y'"G'Y-> O.COOO!l4 
-4.66 
-2.04 -0.O""v045G -0. C\."'X)J90 
-4.13 15.50 o .Oc"'C>079 0.0"".;0019 
l -4.90 -2.09 -0.O~,J45!l -0.000100 -4.09 'S.IJ!; 0.(XX;''J74 O.COX-;;O -5.14 -2.14 -0.000463 -0.0( ... ')112 -4.06 15.53 o . CO(>O'1!l O.OOG040 
~ -5.39 -2.19 -0.OCO-l61J -0.OCOI23 -4.03 15.60 o . <Y'-.IO(\0'; 0.(;.00019 ~ 
~ ;, 
~ 
! i.l k' 
.1 r 
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129 A.9 Curvature!; 
1805:30 to 1805:36 COT 
COT -~-
----
_ 1/1- C .. oa _;)1/-/8S_ 
-L _(J _ .. --f.!!.!.- -.2 9 .'3S --
" 
m s ~t9 ~tQ rOO,oo/m fOGlon/rn deQ d~~ rodl,:r.!m rcdlcn/m 
1805 30 -5.63 -2.26 -0. Ov"0411 -0.000121 -4.00 15.60 0.000111 -O.{'OOOOI 
-5.B8 -2.34 -0.000411 -0.000124 -3.95 15.60 0.000136 -0.OOCOI6 
-6.1"1 
-2.42 -0. (,'00467 -0.000121 -3.86 15.58 0.00;)141 -0.000027 
-G.:;~ -2.49 -0.000463 -0.0001:20 -3.77 1!3.55 0.000150 -0.000031 
-6.G3 -2.54 -0.000460 -0.000121 -:L68 15.52 0.000151 -0.(XX)041 
-6.87 -2.59 -0.000458 -0.000141 -3.60 15.50 0.000151 -0.OOOC52 
-7.11 -2.66 -0.000455 -0.000155 -3.52 15.48 0.OOJ151 -0.:"00061 
-1.36 -2.74 -0.000440 -0.000161 -3.44 15.45 0.0:>0152 -0.000064 
le05 31 -1.60 -2.84 -0.000439 -0.000175 -3.35 15.40 0.000159 -O.OOCOG2 
-1.84 -2.94 -0.000428 -0.000180 -3.20 1!3.35 0.000176 -0.OOOO~1 
-8.06 -3.04 -0.000-116 -0.000186 -3.20 15.32 0.0"..,0198 -O.OCOOSli 
-8.28 -3.14 -0.000402 -0.000195 -3.10 15.30 .0.OOO2Hl -0.OCOO62 
-8.49 -3.24 ·'0.000386 -0.000212 -2.98 15.28 0.000231 -('.000073 
-8.7e -3.34 -0.000367 -0.000231 -2.84 15.25 0.000234 -0.OOOOB9 
-B.89 -3.46 -0.000347 -0.000268 -2.71 15.20 0.00023'..i -0.000101 
-9.08 -3.59 -0.000328 -0.000305 -2.53 15.15 0.000240 -C.ooOI28 
1805 32 -9.24 -3.76 -0.000:110 -0.000340 -2.46 15.03 0.000253 -0.00014:' 
-3.10 -3.94 -0.000292 -0.000369 -2.34 15.00 0.0002/2 -0.000151 
·9.56 -4.16 -0.000:175 -0.000388 -2.20 ~4.90 (,.000289 -0.000155 
-9.70 -4.39 -0.000:::60 -0.000400 -2.05 14.80 0.000298 -0.000159 
-9.83 -4.62 -0.Oy')245 -0.000409 -1.83 14.72 0.000290 -0.000172 
-9.95 -4.114 -0.000228 -0.000415 - t. 1 t 14.65 0.000260 -0.000196 
-10.07 -5.06 -0.000206 -0.000418 -1. 55 14.56. 0.000213 -0.01.."'0:/2 I 
-10.10 -5.29 -0.000181 -0.000421 -1.4'2 14.45 0.000151 -0.000244 
18C:; 33 - 10. ~a -5.5:.1 -0.0,)<,) 1 58 -0.000425 - 1. 34 14.3v 0.0000'19 ··0.OCY->:::57 
-10.35 -5.74 -0.000139 -0.000434 -1.30 14.15 -0.OOor.)()4 -0.~?O259 
- 10.41 -5.96 -0.0x)128 -0.000439 -1.31 14.00 -0.000095 -0.000250 
- 10.47 -6.19 -0.000128 -0.000434 -1.37 13.35 -0.000191 -0.000330 
- 10.52 -6.44 -0.0")0135 -0.000417 -1.48 13.72 -0.000211 -0.000:20; 
-10.5f; -6.69 -0.00::"146 -0.000381 -1.65 13.CO -0 Ov"0324 -O.CCOI76 
-10.65 -6. ~10 -0.000'~3 -0.000351) -1.87 '3.52 -0.,)00343 -0.000149 
- 10.75 -7.09 -0.000155 -0.OC0334 -2.11 13.45 -0.000334 -0.0001;.>4 
1805 34 - 10.84 -7.24 -O.C,)() 152 -0.000311 -2.32 13.40 -0.000316 -0.C-OOO"6 
-10.93 -1.39 ·O.CK;OI45 -0.000286 
-'.50 13.35 -0.000299 -0.0000(·1 
-11.01 -7.54 -0.000140 -0.000"55 -2.64 13.32 -0.OOO~94 -0.000027 
-I I .08 .', .69 -0.000136 -0.000 .. 16 -2.77 13.30 -0.000302 0.000015 
- 1 1. 16 -7.80 -0.000135 -0.000161 -2.91 13.32 -0.000315 0.0)0055 
-11.22 -7.89 -0.000137 -0.0001!C'3 -3.06 13.35 ':'0.000326 0.0000<)3 
-11.29 -7.94 -0.00)141 -0.0(',0133 -3.23 13.42 -0.000322 0.00:)129 
- 1 1.37 -1.99 -0.CCOI48 -0.000121 -3.41 13.50 -0.000294 0.00<)166 
1805 35 -11.44 -13.04 -O.OOOI5~ -0.000112 -3.59 13.60 -0.000236 0.000:101 
-11.53 -8.09 -0.(.'00153 -0.C00106 -3.74 13.70 -0.000145 0.000230 
- 11. 62 -8.14 -0.COOI38 -0.0<X)102 -3.84 13.04 -0.000030 0.000242 
- 1 I. 71 -a.19 -0.C00101 -0.000100 -3.07 14.00 0.COO104 0.000232 
- 1 I. 79 -0.24 -0.C-S0044 -0.000103 -3.AI 14:16 0.000235 .0.000201 
-11.64 -8.2!) 0.(00031 -0.000116 -3.66 14.30 0.00035'.1 0.000169 
-11. 84 
-A.3" 0.(00118 -0.000140 -3.43 14.38 0.000~45 0.0001:78 
- 11.18 -8.39 0.(lOO21:> -0.000172 -3.15 14.45 0.000508 C JOOCf!G 
1005 36 -11. <:7 -9.40 0.(00312 -0.0001!'l8 -2.93 14.48 0.000539 0.'::00044 
-11.!:0 -a.59 O. ::00404 -0.OOG209 -2.50 !4 .. 50 C.O<)o533 o . OO".A}:» 
-11.27 -3.74 0.' ,00482 
-0.000203 -2.17 1·1.46 0.000';91 -Q.000031 
-IO.!)!) -8.89 0.(\00:'39 -0.OC0181 - 1.37 14.4~ 0.000421 -O·.OO:{)hB 
-10.GG -9.00 O. ,·.-G{j'H·' -0.000:49 -1. G2 14.40 0.0::>0346. '"0.000113 
-10.:2 -9.():J O. ('::'0605 -0.OCC107 - ~ .45 14.35 0.OX):'R4 -0.000170 
-9.9!l -9.14 0.(I{)OG2S -0.00;},.:l-18 -1.34 14.26 0.000250 -0. (X)tX)32 
-9.65 -g.19 O. (KJC65 0 o . C-::XX) 3 1 - 1.26 14.15 O.OO024C -0.00:)296 
-------
I ! 
. I ! 






































-6.30 -5 .. 76 
-G.27 -5.64 














-G. 15 -6.14 
-6.20 -6.24 








1805 42 -6.51 -6.n 
-6.52 -6.04 



































































































































































































































































































































-0. co:)!! 79 
-0.Q\.."'07C'3 
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<. --_ .. ___ V"'_~'" 
131 A.9 Curvatures 
1805:44 to 1805:50 COT 
eDT 
_t_ o ~-.- _ {l.;t/{lS _'1_ _9_ C",!_ ;:;9/3S 
h m , dsO c-e<J rcdtYl/m roj,an/m deo dtO mdlon/m r,)jlOll/m 
[ , I .leos 44 -'3.83 -7.50 O.OOOO~G 0.000009 -10.11 -.l.!lG -0.000202 -0.000948 t' -6.84 -7.4!:! o . (Y,.)()O 5 3 O. (y.Y.n25 -10.25 -5.55 -0.000246 -o.oooar,o '-6.1>3 -7.44 O.OOOOGI 0.00v"032 -10.44 -6.14 -0.0002B5 -0.000325 
r 
-6.82 -7.3!'l O.c:v>o071 0.000033 -10.65 -6.75 -0.000320 -0.000'IG4 
-6.Cl -7.36 O.OC{)OS:; O.OOOC~O -10.ao -7.33 -0.000351 -0.oooSG9 
-6.79 -7.34 0.000096 0.000020 -11. 14 -7.85 -0.000379 -O.C00!-At) 
-6.7S -1.32 0.000106 O.COCCOI -11.4' -8.21 -0.000402 -0.COO4h; 
-6.70 -7.20 0.000110 -0.000024 -11.70 -8.50 -0.C00418 -0.000277 
18C!! 45 -6.(;4 -'1.30 0.000111 -0.000046 -12.00 -a.63 -0.0004'~ -0."\."'(",'17 
-6.59 -7.34 0.000110 -0.000061 -12.32 -S.70 -O.QOI.~jO O.O~4 
-6.5~ -7:42 0.000108 -0.000014 -12.63 -8.63 -0.00- ':.10 0.eOO14G 
-6.50 -7.49 0.000107 -0.CC0091 -12.93 -8.50 -0.00'.)430 O.OOJ~92 
-6.45 -7.54 0.000103 -O.Ot".JOIIG -13.:13 -S.23 -0.000428 0.OO:H44 
-6.40 -7.59 0.OCOO91 -0.000144 -13.53. -7.90 -0.000418 O.OOOGO:' 
-6.36 -7.70 0.000008 -0.000164 -13.84 -7.41 -0.000389 0.0001'19 
-6.32 -7.84 o . 0'.Y.Xl7 8 -0.000174 -14.14 -6.85 -0.000334 0.000893 
1805 46 -6.30 -8.00 0.COC071 -0.000177 -14.41 -G.O!) -0.000251 0.000984 
-6.28 "8.14 0.0000,,6 -0.000177 -14.62 -5.25 -0.000161 0.0010.26 
-6.27 -3.26 0.000062 -0.000174 -14.74 -4.36 -0.000062 0.001040 
r 
-6.27 ··e.39 0.00005'1 -0.000169 -14.77 -3.~0 0.000033 0.001044 
-6.26 -3.52 0.000053 -0.COO1GI -14.70 -2.74 0.000118 0.0010:52 
-6.26 -8.G4 0.000050 -0.0001'54 -14.56 -2.00 0.000192 0.""1059 
r 
-6.27 -B.74 0.000051 -0.000150 -14.37 -1.23 0.000258 0.COI046 
-6.28 -8.84 0.00005" -0.000152 -14.14 -0.40 0.000316 0.();)1011 
lB05 47 -6.29 -8.94 O.OOVOU·~ -0.000154 -13.B·1 0.41 0.000369 0 .. 000959 
I 
-6.28 -9.04 0.00:)010 -0.000154 -13.56 .1.15 0.000410 0.COC900 
-6.27 -9.16 0.OCOO73 -0.COOI49 -13.23 1.7<1 0.000461 0.0.:;0344 
-C.25 -9.29 0.000073 -0.000 1 :31- -12.eG :!.~o 0.000516 .. :I.<X.-.o 190 
-6.23 -9:40 0.000009 -0.000129 -12.4G .. o~ 0.000574 0.0007:15 ...... u 
-G.21 -9.49 0.000062 -0.000126 -12.02 3.50 0.000036 0.00-:)677 
-6.20 -9.56 O.oo.'X>55 -0.000124 -11.53 3.98 C.COOG!l9 o . <X."0G 10 
-6.20 -9.G4 0.000048 -0.00:1122 -to.9~ 4.45 0.000757 0.000::27 
1805 48 -6.22 -9.74 0.C>0C042 -0.000113 -10.39 4.84 0.000'£;5 0.OOC430 
-6.24 -9.1::4 0.000037 -0.COOO9G -9.74 5.20 0.000305 O.OC0324 
-6.26 -!), 92 0.O"JOOJ3 -0.000017 -!)'O6 5.41 0.OOO7aa o . 0'')()2 1 1 
-6.29 -9.99 0.000030 -0.000057 -8.40 5.55 0.000148 0.000086 
-C.32 -10.02 0.ee0029 -0.000038 -7.79 5.56 0.000699 -O.oo..')Q·lC 
-5.35 -10.04 O.OOC034 -0.000020 -7.25 5.55 0.000652 -0. C'OO IU:! 
-6.31 -10.04 O.OX,1Q43 -0.000001 -G.75 5.35 0.00:)611 -0.000301 
-G.39 -10.04 0.000057 0.000021 -6.34 5.05 0.000517 -0. C)(>0393 
r 
1805 49 -6.39 -10.02 O.OOCC:;g 0.000044 -5.92 4.60 0.000545 -O.CXX>457 
-G.36 -9.99 0.000079 0.000066 -5.52 4.15 0.000514 -O.0~'O499 
-6.32 -9.92 0.000035 0.000037 -5.14 3.10 O.OOO~7e -0.00:)534 
-G.29 -9.84 0.000090 0.000105 -4.71 3.25 0.000439 -0.000562 
-6.25 -9.14 0.oooD94 0;000117 -4.43 '2.18 0.CC0396 -0.000576 
f -G.20 -9.54 0.000098 0.000120 -4.13 2.30 0.000349 -0. "'-"I()572 -G. 15 -!:I.52 0.000103 0.000103 -3.&7 1.80 0.000::197 -0.000~46 -G.l0 -9.39 0.000109 0.000002 -3.64 1.30 0.00':-242 -0.OOO4S9 
1805 50 -6.04 -9.30 0.000114 0.000040 -3.·10 o.;:n 0.000184 -O.ClJ043!:! 
-5.9B -9.24 0.0::'0 117 0.000011 -3.33 O. !;" 0.C:xl124 -0.o..'Xl370 
-5.90 -9.26 O.OOOIIG -0. COC02 t 
-3.'5 0.::'01 0.()()0067 -O.0::<J'1l8 
-5.82 -9.29 0.000112 -0.000-:J44 -3.:!:! 0.00 O.COO'')17 -0. (>0.")0 IS7 
-5.74 -9.36 0.0001(}; -0.0<l0061 -3.25 "0. I~ -0.OOC020 - 0 . C'OCl\.'\U 5 
-5.68 -9.44 0.0'.)0.)99 -0.OO~O71 -3.31 -0.25 ··O.<JOO:>::!S 0.000071 
-5.62 -9.52 0.0..)0092 -0.0000.9 -3.:l9' -0.15 -0. (Y'vOO39 0.C0019S 




1805:51 to 1805:57 CD, 
eDT 






































































































































































-0.000<.' 10 -0 .0C0''')3~; 
-0.000040 -0.C~~44 




















-7.:::9 -1:::.G~ -O.COCOJ'5 -O.OOO·~77 
-7.42 -13.14 -0.000018 -0.000539 
-7.G4 -13.44 0.000013 -0.000(;32 
-7.66 -14.04 0.O~OO31 -0.000732 
-7.~4 -14.~4 O.OJOO31 -0.000709 
-7.30 -15.24 0.000017 -0.000866 !:~ -7.34 -IC.04 -0.OCY")012 -0.OOO:J50 























































































































































































































































APPENDIX 10 ENERGY 
Total energy \tas computed as TE :: PE + 
potential and kineti~ CnerlD'. respectively, 
1. The first contact hei,f1,ht, ZI., ., 567.1 
accelerDmeter at \805:52. 
KE, where PE and KE nrc 
defined in (L). Appendix 
it is the height of the 
1804:58 to 1805:03 CDT 
COT Cooect.d A,,!~ lruQ A"!",,.d GVL KE Z -z.,. PE TE eiTE/.:/I EPR 
h m , US m/, kh rn/~ fills ml,s, m ",r"l m'/s· rn'/i' 
1804 53 152.9 78,7 1(;4.1 84.5 1'i7.0 3787 342.3 3354 7141 -58.1 1.0:?0 
152.!} 78.7 lG4.1 84.5 97.0 3786 341.7 3:;48 7134 -59.0 1.090 
152.9 78.7 164.2 3".5 07.0 3705 341.0 3341 7126 -59.5 \.o,m 
152.9 78.7 164.2 84.5 07.0 3785 340.3 3335 7120 -59.5 1.090 
153.0 78.7 164.2 34.5 (17.0 3784 339.7 3328 7112 -5~.3 1.0S0 
~53.0 78.8 164.2 84.5 87.0 3763 339.0 3322 7105 -59.5 I.C90 
153.0 78.8 164.3 84.6 87.0 3782 333.4 3315 7097 -S9.~ 1.090 
153.0 78.8 164.3 84.6 87.0 3760 337.7 3309 7009 -60.4 1.090 
lB04 59 lC3.0 78.8 164.2 1l4.6 US.9 3779 337. , 3303 7082 -61.1 1.090 
153.0 78.G 164.2 04. !; A6.9 3173 335.4 3296 7074 -1>1.'3 1.090 
153.0 78.7 164.~ 84.5 IlG.9 3776 335.8 n~o 70GI> -G2.7 1.0'30 
H12.9 73.7 164.1 04.5 06.9 3"115 335.1 3284 1059 -63.2 1.0S·) 
15~.9 73.7 164.1 &4.5 86.9 3713 :::14.5 3277 7050 -63.4 i.e90 
152.9 70.7 164.1 04.5 66.9 :<772 333.8 32'" 7043 '-63.5 1.090 
152.9 7B.7 1(;4.1 84.5 OG.a 3770 333.2 3~o4 7034 -63.8 1.(.'SO 
~52.9 73.7 164.1 04.5 BG.e 3763 332.5 J:!58 7026 -GJ.S 1.090 
180S 00 152.9 78,7 164.0 84.4 8G.8 3767 331.!) 3252 7019 -63.9 1.090 
152.0 76.7 164.0 84.4 &::1.6 37G5 331.2 3245 7010 -64.1 1.090 
152.S 78.6 163.9 134,4 86.il 3764 330.6 3::!3f' ~OC3 -1'j4.4 t .090 
t52.7 73.G 1(;3.9 ::!4.4 66.7 2762 329.!1 3232 699"1 -G4.7 1.090 
152.6 78.6 163.0 84.3 86.7 3760 ::;29.2 3:226 {,DSt; -64.4 1,0:?0 
152.G 78.5 163.7 84.~ 05.7 3759 328.6 3219 6978 -63.8 1.0~O 
t!i2.G 78.5 163.7 84.3 06.7 37S0 327.9 32\3 6971 -63.0 1.090 
152.5 70.5 163.6 34.2 llG.7 3156 327 .2 32CG 69G2 -62.7 1.090 
1805 01 152.5 78.5 163.6 64.2 6G.7 :nS5 326.G :!'200 6955 -(;2.B 1.( 90 
\52.5 78.5 lG3.6 64.2 86,6 3754 325.9 3193 6947 -S3.:? 1 .1.90 
152.G 76.5 163.7 U4.3 86.6 3753 325.2 31B5 G939 -63.8 l.l90 
152.G 78.6 163.7 84.3 86.6 3751 321\.5 3180 6931 -6(.3 1.030 
152.7 78.6 163.0 84.3 86.G 3750 323.9 31".J 692:> -b4.9 ~ .(,;30 
152.0 7B.6 1&3.9 84.4 86.6 3749 323.2 31Gu 6914 -65.6 1.090 
152.9 70.7 164.0 84.4 a6.G ~'i47 322.:; 31GO 65::-7 -6;'<.0 1.090 
152.9 71\.7 164.1 64.5 !If.a 3745 321.8 3~53 G693 -{;~. 1 1.090 
1805 02 153.0 10.J 164.1 84.5 36.5 3744 321.1 :114G GaGO -64.0 1.090 
153.1 7(1.B 164.::! Cl4.5 06.5 3743 320.5 31·10 6003 "132.0 l.eSO 
l!i3.2 78.0 IG4.3 84.6 86.5 3741 319.8 3133 6074 -61.7 1.090 
153.? 78.9 lG4.4 84.S 36.5 3740 319.1 3127 6(;r,7 -(;0.0 1 . C'90 
153.3 78.9 164,4 84.7 ~(j.5 37~t9 31B.4 3120 G059 -GO.4 1.090 
153.4 79.0 164.5 04.7 6G.S 3130 317 .0 311': 6851 -GO.6 1.090 
153.4 79.0 1(;':.6 G4.7 86.5 3737 317.1 3101 6044 -61.1 1.090 
153.5 79.0 164.6 64.7 66.4 3736 31G.5 3101 6837 -G~ .6 1.090 
1005 03 153.5 79.0 164.7 64.0 86.4 3735 315.6 30;14 C829 -62,0 1 .. e9') 
153.6 79.1 lG4.7 84.& 66.4 3733 3~5. 1 30llS G1I21 -G:!.S 1.090 
153.7 79.1 IS4.0 64.S e6.4 ~1:l2 314.5 :It 3 t G:313 -G2.B 1.0,,0 
153.7 7!'l.1 16<;.9 84.S 06,4 3730 313.11 3("~~ G305 -(;2.,1 1.090 
l!i3.0 79.2 164.!1 84.9 36 .. 4 37:;:9 31::1.2 :)060 6793 -GI. :1 1 • O!'lO 
153.9 79.2 1 G~), 0 84.9 86.3 37:l6 312.6 3(\\:;;2 G790 -:59,4 1,090 
153.9 79.:;: 165, I 05.0 .'3ti.3 3726 :11 1. 9 3(;3G b7a~ -5!l,0 I.ono 
154.0 7S.3 165.1 85.0 65.3 ~ns 311.3 :C:'O G7"1S -57.1 I.COO 
--------
) ~"~,.~..-y-.~'*'I" 
Fl " I "',1 
.. : '1 
. i 
.1.10 EJI<!r~y 134 
! 
I :. I 
i 1805:04 to 1805:10 CDT 
• COT Corr.~~d .~ir$pcOO True Airtpe$d GVL KE ~ Pl: TE dl E /dt EF'R 
hm I kts m/I kl, m/s m/, r.,'/,' m ,n'/,' m',,' m'/If 
1805 04 154.0 7!).3 165. t as.o 115.3 ~7~4 310.7 3044 6168 -56.8 1.090 
IS4.1 79.3 165.2 05.0 C;;.3 ::123 310.1 3033 67el -57.0 1.090 
154.1 79.4 165.3 85.1 86.3 3722 309.~ 3032 6154 -57.7 1.090 
154.2 79.4 165.4 35.1 IlG.:! 3121 :iOS.S 3026 6147 -59.5 1.090 
154.3 79.4 165.4 85.2 86.2 3719 306.3 3020 67:;9 -59.2 1.090 ..-
154.4 79.5 165.5 05.2 86.2 3713 307.7 :l014 6732 -59.5 1.090 
154.4 79.5 165.6 85.2 86.:2- 3716 301.1 3009 6725 -60.1 1.090 
154.5 79.6 165.6 85.3 C6.2 3114 306.5 3003 ('.717 -EO. 1 1.0g0 
1905 05 154.6 79.G 165.7 85.3 86.2 3712 305.9 2997 6709 -59.4 1.090 
154.7 79.G 165.8 85.4 86.1 3711 :l05.3 2992 6703 -58.1 1.090 
154.7 79.7 16!>'9 85.4 86.1 3709 304.8 29116 6G95 -56.8 1.090 
154.8 79. 'f 155.9 115.4 813.1 3708 304.2 2981 6689 -55.9 1.090 
154.B 79.7 165.!) 85.4 86.1 3706 303.6 2975 6G81 -55.3 1.090 
.' 
154.9 79.7 166.0 85.5 86.1 3705 303.1 2970 6675 -54.9 1.090 
154.9 79.a 166.1 05.5 86.1 3703 302.5 2964 6667 -54.5 1.090 
155.0 79.8 Hi6.1 85.5 86.0 3702 302.0 2959 6661 -53.7 1.090 
. 1805 06 155.0 79.8 166.1 AS.5 86.0 3700 301.4 2954 6654 -52.4 1.090 
155. t 79.0 166.2 85.6 e6.0 3699 300.9 2948 6647 -SI.0 1.090 
155.2 79.9 166.4 85.6 96.0 3698 300.4 2943 6641 -50.0 1.090 
15S.5 80.0 166.6 65.8 66.0 3697 299.0 2930 1;635 -49.4 1.090 
15~.O 00.2 167.0 86.0 0&.0 369e; 299.3 2933 66:19 -49.1 1.090 
ISS.2 80.4 167.3 6S.1 86.0 3595 296.3 2927 6622 -48.8 1.090 
156.6 80.6 167.8 8::.4 86.0 3694 29&.3 2922 6616 -48.7 1.('90 
157.0 60.8 168.2 66.6 85.0 3693 297.6 2917 6610 -J!8.9 1.090 
1:l05 07 157.4 81.0 IGIl.7 86.8 85.9 3692 297.2 :lS12 G604 -49.0 1.090 
157.S 81.2 169.0 07.0 85.9 3691 29G.7 29~7 659B -43.0 1.090 
. -- -~- . 157.9 81.3 169.2 87.1 35.9 :;69~ 296.2 2902 E~n --=B.2 ! .090 
f50.1 01.4 169.3 87.2 6S.!:' 3:;09 29S.7 2897 6566 -47.7 \.090 
158.1 81.4 169.4 07.:2 05.9 ::lGeo :;'95.2 21:93 6501 -0:7.5 1.090 
158.1 81.4 159.4 87.2 85.9 :lSB7 294.7 :lBOl? 6575 -47.6 1.090 
158.1 81.4 169.4 87.2 85.9 3686 :194.2 '083 6569 -47.9 1.090 
.i 156 . 1 81.4 169.3 87.2 85.0 36S~ 293.7 2670 6563 -48.0 1.090 
i805 08 158.0 01.3 lu9.3 87.1 65.8 368 I 293.2 2&73 6557 -47.3 I. agO 
.. 157.9 81.3 169.2 87.1 85.0 3G8.1. 292.7 286B 6551 -46.1 1.0;)0 ~----- ' 158.0 81.3 169.2 87.1 85.0 3GO~ :29:1;2 2363 6545 -45.2 1.090 
158.1 01.4 169.:' 37.1 85.e :;68'~ 291.1 2858 6540 -~4.8 1.090 
158.2 81.4 1S9.5 137.2 85.s 3601 291.1 2853 6534 -..11.6 1.090 
156.4 81.5 169.6 67.3 85.8 3GBt 290.6 1[148 6529 -43.8 1.0!i0 
158.6 81.6 169.9 87.4 85.6 3660 2ilO.1 2642 ;;!)22 -41.9 1.090 
151l.8 91.7 170.1 87.5 El5.8 3600 209.6 2837 ·6517 -39.G 1.090 
1805 ell 159.0 01.3 170.3 67.6 05.8 3661 209 .1 2832 6513 -37.6 1.090 
159.2 82.0 170.5 67.S 05.8 3631 2E18.G 2627 (;509 -30.1 1.090 
,'f 
159.4 82.0 170.6 131 .n 135.13 3G82 :'66.0 2622 6504 -34.7 1.090 
159.5 82.1 .170.6 87.9 05.8 3683 207.5 20~7 6!:OO -32.9 1.090 
159.7 02.2 171.0 88.0 85.0 3(;84 287.0 2UI:! 6496 -30.8 1.090 
. 1 
159.0 82.3 171.1 88.1 05.9 3685 20G.S U01 1>492 -20.7 I.C30 
160.0 02.4 171.3 00.2 B5.9 36[17 286.0 2802 6409 -27.0 1.0S0 
160.2 62.5 171. ~ 80.3 85.9 3GO!) 265.4 2797 648S -26.2 1.069 
100!) 10 160.4 82.6 171.';' 88.4 85.9 3690 204.9 279'- 6482 -26.4 1.089 
I 160.6 92.7 171. :- 80.5 85.9 3692 264.4 2707. 6479 -27.4 1.0d8 ~ 160.1.1 82.3 172. ";! 8S.S (\5.9 3693 283.9 2782 6475 -~1l.8 1.003 161. 1 02.9 172. !. 8S.3 aIC.o :1694 263.4 '2777 6~71 -30.4 1.0BB I 161.J,; 83. f 17~.1l 09.0 86.0 3595 282.9 .27;2 G~u7 -32.0 1.0S6 1(;1.7 83.2 173. " il9.1 OG.O 3GDG :282.4 ~"lG1 646J -33.9 1.087 
162.0 63:4 173 .': 09.2 3G.O :lS!)7 :2i11.9 ::!762 6459 -36.2 1.037 I IG2.2 fl3.S P:l.t C9.4 ElG.O 3G97 231.4 :i.7r.7 (H54 
-·33.7 1.037 I 
.< i . __ ._---
I 
I 









135 A.10 Energy 
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it.10 Energy 136 
---------------------------.--------------------------------
1805:18 to 1805:24 CDr 
COT 
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1805:32 to 1805:38 COT 
COT 
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! 139 !t.10 Energy 
1805:39 to 1805:45 CDT 
, ;> 
~--.--~ . 
. I COT Cor'.cft<! AI"~H<I -.!'UI ~\lrSI?!~R GV~_ KE !- - Z ... PE TE dTE !dl EPR i 
" In 
, kl' mil kl, :nIl rr./"J tn'l tor m mil" rn';,,' r~'/ii 
1805 39 134.4 G9.2 \41.!i 72.8 7n.5 3079 176.9 li3:! 4012 lGB.G 1.449 
~.,~ ; 134.~ G9.2 141.S 72.11 7!La 3101 17G.B 1133 4034 1e4.7 1.451 
/, 134.G 69.::1 141.7 "12.9 79.0 3122 116.8 1732 4854 150.2 1.455 
.-
13'.9 69.5 142.0 73. I 79.3 '3140 176. <; 1731 4871 131. 5 1.453 
, ; 135.5 G!L7 14~.5 73.4 79.5 3153 176.4 172!! 4037 "6.3 1.462 
I 
'36.1 70. , 143.2 73.7 7S.7 3174 1'lG.2 172G 4900 100.6 1.465 
,/ 13G.7 70.4 143.8 74.0 79.!! :,lISI 175,8 ~722 4913 101.7 1.468 
137. I 70.e 144.3 74.3 eo. t nCo8 175.3 17tG ,~92G !l9.5 1.471 
laos 40 137.4 70.7 144.5 10Q .4 80.3 322G 174.7 1712 4930 100.4 ' .474 
137.6 70.8 144.7 74.5 00.6 ::1:145 174.1 17C5 01950 lOot.9 1.477 
I 
137.5 70.13 144.6 74.4 00.3 :1267 173.3 1693 <1965 110.7 1.41l0 
! 137.3 70.7 144.3 74.3 81.1 :::28!'l 172.4 16B9 4976 11 .... 7 1.482 
136.3 70.2 143.3 73.1l 61.4 3313 171.5 lG60 4993 117.2 1.485 
I 135.1 69.5 142.0 73.1 61.7 3337 170.5 1670 5007 120.6 1.4ilS I ~ 133.3 GR.G 140. I 72.1 62.0 3363 lG9.4 lG60 5023 125.4 1.491 
/ 131. :l G7.6 t30.0 71.1 02.3 3390 168.3 160$9 5039 130.4 1.494 i 
I 1805 41 129.6 C6.7 136.2 70. I 02.7 3416 167. I 1630 50:;6 133.7 1.4913 I 
// 128. I 65.9 134.6 69.3 63.0 3447 165 .~) IG2£ 5073 134.S I . SUO 
/ 127.3 65.5 133.7 (;,8.8 03.4 3476 164.6 1613 5009 134.7 t.S03 
12G.7 GS.2 133.1 68.5 63.7 3506 163.3 11300 SlOG 134.5 1.505 
126.5 65.1 132.9 68.4 1l4. I 3537 161.9 1536 5123 133.0 1.509 
12G.4 65.1 1;J2.8 G8.4 84.5 3568 lGO.4 1572 5~40 132.4 \.510 
126.3 65.0 132.7 68.3 04.3 ::;599 IS8.S 1557 5156 120.5 t. 51:1 
126.3 65.0 132.6 68.3 85.2 3G31 157.3 1541 5172 128.9 1.515 
1605 42 126.2 65.0 132.6 C8.3 65.6 36:3 155.7 1!>25 ~IOB 1:17.4 t. ~~7 
12G.3 65.0 132.6 68.3 OG.O 3596 154.0 15-')3 5204 126.U 1. 519 
12G 4 65.1 132.B Sr..3 8S.4 3729 '52.2 1491 5220 129.3 1.52 I 
126.6 63.2 133.0 68.5 UC.8 3763 150.4 1473 5236 135.2 t. 5~2 
127.0 65.4 133.4 G8.7 97.2 3799 14!l.~ 1455 5254 143.6 1.524 
127.4 65.6 133.6 68.9 07.6 3836 146.6 1436 5272 IS2.G , .52!i 
127.9 65.9 134.3 69.2 89.0 3S75 144.7 1417 52!l2 163.4 t .5~7 
128.!i 66.1 134.9 69.4 66.5 3915 142.7 1399 r:;'14 116.8 1.5: 8 
.' 
1005 43 129.1 66.5 135.5 69.8 09.0 3957 140.8 1380 5337 109.3 1.530 
129.0 66.8 136.2 70.1 89.4 <1000 138.9 135' 53S1 197 .3 I. 5:: 1 
130.6 67.2 137.0 70.5 89.9 4044 137.0 13";;: 536G 200.5 1.532 
131.4 67.6 137.9 71.0 90.4 4008 135.0 1:J:!3 5411 :201.6 1.532 
132 .5 G8.2 139.1 71.G 90.9 4132 133.1 1304 5435 203." 1.533 
! 133.8 60.S 140.5 72.3 91.4 4117 131.1 1:105 5"62 
206. I 1.533 
! 135.2 G9.G 141.9 73. I 91.9 4222 129. I 1::!65 54::17 203.0 1.533 
i 
136.4 70.2 143.:7 73.7 92.4 426B 127. I 124G 5S1~ 210.5 1.533 
I 1805 44 137.2 70.6 143.9 74. I 92.9 4314 125.1 ~2:26 55':0 210.1 \.533 137.7 70.9 144.6 74.4 93.4 4360 1:23. I 1206 5566 206.1 1.533 
, I 137.9 71.0 144.7 74 ,5 93.!:. 4407 1:1.1.0 1185 55D2 20G.2 1.533 , 
130.0 71.0 144.0 74.5 94.4 4454 IIB.B tts~ ;;616 :104.0 1.533 
137.9 71.0 144.7 74.5 94.9 4501 l1G.6 114:1 ::;S44 :i03.2 1.533 
137.7 70.9 144.5 74.4 95." 4548 114.3 1120 5G63 201.1 1.532 
137.6 70.0 144.4 74.3 95. ~! 4596 112.0 109, :>693 199.2 1.532 
137 .4 70.8 144.2 74.2 96.4 46,,5 109.6 107'1 ~~ .... 4Q j::;G.l !.532 
1505 ~5 1::17.4 70.7 14-1.1 74.2 96.9 4694 107.1 \04',' 5743 E!6.5 1.532 
137.3 70.7 144.0 74. I !l1." '743 104.6 102·' 5"157 193.0 1.532 
137.5 70.6 14.1. 2 74.2 97.0 "793 lOI.O 93H' 5792 107.11 1.532 
137.0 71.0 144.5 7.1.4 93.4 4043 99.2 91 ' 5015 10' .8 1.532 
130.5 71.3 145.:2 74.7 9:1.9 4SS:I 96.4 <).;~ 5037 174.~ I.!:OJ:! 





---';'-l ~ .-' / ,t' 
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,r,' as' Z-_·-
-
--~-rt '''C.l.,L' • .:n-a'-~~_ -'-.-.j,*,,--",,~ ~ _'_'~"- __ "-f"".o,o4.rII'; 
<!" 
/" 
11.10 Energy 140 
• 1805:46 to 1805:52 COT t 
I -: OT ~~ Al";lU'J ~~ GVt :<E ~ PE TE dTE/dl . ErR ----h m • kls mil kl, mil MIl m'l,' m m'/s' m'ls! m'li " ~ 142.2 180S 46 7:l.2 148.:) 76.G 100.9 SagS 84.5 828 5~14 126.3 1.53t 
.' 143.2 73.7 149.!! 77.2 101. 3 !j132 St. :l 797 !5929 109.4 I. 531 
t44. t 74.2 150.8 '11.(. 101.7 5176 78. I 765 5941 92.8 t .53t 
1.:4.9 74.6 151.7 70.1 102.2 5:116 74.1.'1 733 5951 78.(; 1.531 
145.0 75.1 152.6 73." t02.6 525!! 71.6 70t 5960 (i7,S 1.531 
14G.0 75.6 153.5 79.0 102.9 5293 68.3 670 5969 58.3 t.531 
147.8 76. t 154.!! 79.; 103.3 5337 65. I 630 5975 48.9 t.531 
148.7 76.6 155.5 00.0 103.7 5374 6t.9 C07 5SC1· 40.!) 1.5::10 
. r 1805 47 149.G 77.0 156.4 80.5 1(14.0 5-:09 50.8 576 5985 :l6.0 1.!)30 
'I 150.4 77.4 157.3 81.0 104.3 5444 55.7 e46 59S0 35. I 1.530 
151.2 77.S 158.0 8t. .. 104 .. / 54711 52.7 516 5994 35.6 1.530 
151.9 7B.2 158.S Ot.7 105.0 5511 49.7 487 5998 34.3 ·1.5::0 
tS~.G 78.5 159.5 B2.t 105.3 5543 46.8 459 600: 29.5 1.530 
I 153.2 78.9 160.2 82.5 105.6 5574 44.1 432 6006 :23.7 1.5:30 
'J 153.9 79.2 lGO.9 82.S 105.9 !lC03 4t.4 405 6008 21.6 1.530 
.,' 
/'~')/ 154.5 79.C 161.5 03.2 106.1. 5631 38.8 380 (;011 27.9 1.5:29 
1/ 1805 48 HiS. t 79.9 162.2 83.S lOG.4 !i6GO 36.3 356 ::;016 49.S 1.529 !" /, 155.a 00.2 162.8 03.il 106.7 5691 34.0 333 6024 84.3 1.5:':9 , . 
;' .--"1--'- 156.4 1'0.5 163.!': B4.1 107.0 5725 31.9 312 6037 119.9 1.529 .. ' 
.1 151.0 Ilo.n 164.1 84.5 l01.:l 57:;2 29.0 292 6Ct54 141.2 t.529 
I' 157.7 81.2 164.7 84.n 101.7 5800 27.9 273 6073 159.6 1.529 
.I.! 158.3 81.5 165.4 65.2 10S.1 SaJO 26.1 ·256 6094 162.2 1.529 
1!$9. I 01.9 166.2 85.6 108.4 5874 24.5 240 G114 161.4 1.5~9 
c 
159.9 82.3 167.0 &6.0 10B.7 !i909 22.9 224 6133 152.2 1.528 
1805 49 160.6 02.7 lG7.1I (i6.4 103.0 5944 21.5 210 6154 172.6 1.520 
161.4 83.1 160.0 06.e 109.4 5980 20.1 l!n- 61n 190.S 1.528 
i 1(;2.4 83.6 169.6 87.3 10:).7 5018 lIL& 104 6=02 210.0 1.526 
163.4 84. I 170.7 fl7.!) 110. I 6057 17.6 173 G2:?O 22::1.::1 1.52e 
Hi5. -; 05.3 113.1 09.1 110.4 6096 16.5 162 625~ 228.2 1.5213 
IS0.8 8S.9 176.3 90.0 110.0 6135 15.5 152 6297 nA.G , .528 
Hl.9 08.5 179.6 92.4 ,,1. 1 G173 14.5 142 6315 227.0 , .520 
174.:J /19.7 102.1 93.7 111.4 G210 13.G 133 6343 226.0 1.527 
1005 50 175.1 90.1 182.0 94.1 111.3 6247 12.8 125 6372 222.4 1.527 
175. " SO.:! 163.1 r 4.:: 1 ~ 2. 1 6"62 11.9 117 6399 .215.8 1.527 
174.9 90.0 152.6 £~.O 112. -: 6316 11.1 109 6425 ~06.2 1,527 
174.2 09.7 IS1.9 03.'1 112.7 6343 10.3 101 6450 lCJ7.2 I. 5~7 
173. I 39.1 tao. a 93.1 113.0 6381 9.5 93 6474 193.3 1.527 
:~I 171.9 89.5 17!!.4 92.4 113.3 6413 6.7 05 6-4S6 193.9 1.527 
'. 
'170.2 n.6 177.7 91.5 113.5 G446 7.9 77 6523 IS~.2 1.527 
168. ~, IIG.7 175.6 SO.5 II~.!1 6419 7.0 69 6548 193.1 I.52G 
1 DO!',; 51 IS7. t 01.0 174.4 69.11 1 <4.1 C51 I 6.2 61· 6572 187.3 I.52G 
166.2 OLC 173.4 09.3 114.4 6513 5.3 52 6~95 101.2 1.526 
:66.3 :::~l. G 173.5 tW.3 114.7 657J 4.4 43 6&16 17(,.9 1.526 
1";6.6 6~.8 173.0 09.5 11<1.9 (;604 3.6 35 t:.Sl9 173 .~ I. t;26 
167. I !lS.O 174.3 /19.7 115.2 GS34 2.7 27 L661 171.2 1.526 
!67.G C6.3 174.n 110.0 115.4 f>5GJ 1.:> 19 ~602 170.4' 1.526 
163.1 1l6.~ 175.:; ';0.2 115.7 G6!l1 1.2 12 6703 167.('1 1.526 
, 160.6 116.8 175.0 !lO.!; 115.:> 611e O.G 5 6723 150.3 t.525 
., 
1!lOS 52 169.0 07.0 \7r;.2 'l().7 116.1 6740 0.0 0 6'140 -04.3 1.525 
169.4 87.2 176.5 '10.9 11~ 9 G71G -0.1 0 6716 -3n7.7 t.52~ 
lG9.7 91.4 176.& !lLO 115.3 61;4'" -0.1 ·0 6644 -556.9 1.525 
-
170.0 67.5 177,J ,1 t.::1 114.7 (;575 0.1 1· (;576 -495.5 t. ~:!i 
~, 170.:l ts7 . Jj 177.4' .11.:1 
"". :z 651;; 0.3 J 1j51~1 -3!J9.G 1.525 170.5 t..7.S 177.G '? i . ., 113.1l G411 0.5 5 G4i6 -:136.3 ".525 
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I : / 
141 !..10 Energy 
1805:53 to 1805:59 cor 
eDT Cc.<rttt~d A"t~ True A"s~.d GVL liE Z-Z .. , PC TE clTE/cll (PFl 
h m $ kls ml, kt~ m/' m/, rftt/~' m rot,,' m'/,' rn',,, 
1805 53 ,,1. ;.' 68.2 170.4 91.8 114. I 6501 0.8 7 G514 212.8 1.524 
171. G 00.::1 118.7 92.0 114.3 6529 0.0 7 &5::6 H13.2 1.523 
172.J 89.0 160.0 92.7 114.5 6553 0.3 7 6560 196.0 1.523 
174.7 e9.9 III I .9 93.G 114.7 G!H8 0.7 7 6585 161.2 1.~21 
177.9 91.6 185.:2 95.3 114.8 6593 0.7 7 6GOO 137.6 1.520 
"0 18' .~ 93.4 loa.!) 97.2 115.0 G614 0.0 6 (,620 200.2 1.510 
c 184.5 95.0 192. I 93.9 115. :1 6645 0.5 5 6(;50 228.1 1.515 
N 187.1 96.3 194.& 100.3 115.5 6673 0.4 4 6:>77 17&.4 1.512 
180~ 54 18S.2 96.9 195.9 100.9 115.7 G692 0.3 3 6E95 163.5 t .507 
lE18.9 97.3 196.6 101.2 tt5.9 6716 0.1 I 6717 164.6 1.!lO2 
183.0 97.2 1913.5 101.2 lib. I 6737 -0.1 0 6737 114.4 1.496 // 183.5 97.0 196.2 101.0 l1G.2 6748 -0.2 -I 1;747 99.0 1.490 
187.8 ~S.7 195.5 100.6 l1G.3 676G -O.~ . 3 6763 140.8 I. 462 
.' 
187. I 9G.3 194.7 100.3 116.5 6787 -O.G -5 6782 136.3 1.474 
13G.2 95.9 103.0 99.8 116.7 6804 -0.9 -8 679G 90.5 1. 'IG2 
185.3 95.4 192.8 99.3 116.7 GlIl( -1.0 -9 G805 58.1 1.447 
1605 55 184.4 94.9 191.9 98.0 116.0 6922 - t.~ -It 6611 39.S 1.427 
183.6 94.5 191.1 98.4 l1G.9 (;828 -1.5 -13 G815 24.6 1.·105 
183.1 94.3 190.6 98. , 116.9 G032 -1.7 -15 6an 10.5 1.376 
184.6 95.0 192.2 98.9 116.9 G835 -1.9 -18 6817 -1.3 1.345 
183.6 ~4.5 191.2 98.4 116.9 6836 -2.0 -Hl G017 -33.9 1.:110 
102.6 94.0 HlO.3 98.0 116.9 6829 -2.1 -20 ti!l09 -123.4 1.275 
"0 IS I. 7 93.5 189.3 97.5 116.6 GBO;} -1.9 -19 6785 -257.5 1.243 
"- lCO.7 93.0 lee." 97.0 116.3 6758 -1.!l -13 G745 -3<:5.4 t .212 r<l 
1805 5G 100.7 93.0 IIlS.4 97.0 115.8 670B -0.9 -0 6700 -3CO.8 '.1('7 
100.0 93.1 186.5 97.0 115.4 61:>58 -0.5 -3 6655 -4Hi.3 1.16:; 
179.9 92.G lin .6 SG.G 114.8 6555 -0.1 0 (;535 -537.8 1. ItS 
n9.9 9:1.6 18'1.7 9G.G 114.2 G51G 0.3 3 6519 -S6G.5 I. I~O 
180.0 92.7 187.9 96.7 113.5 6442 0.5 5 6447 -502.5 1.115 
179.1 92.:l 107.0 96.3 113.0 6366 0.7 7 6393 -452.3 1.102 
179.3 92.3 167.2 9G.-1 112.5 6327 0.6 0 6335 -532.8 1.0!)O 
178.4 91.!! 16G.3 95.9 111. 8 G253 0.0 7 6:60 -595.0 t .079 
1005 57 178.5 91.9 lnG.~ 96.0 111.2 &160 O.£. 6 618G -554.1 ~ .0;,9 
no.o 92.1 l11G.9 =-~ 2 IIO.G 6117 0.4 4 6121 -501.4 1.059 
178.0 91.7 186.1 9!L8 110.1 6059 0.2 1 eDGO -511.7 1.052 
177.5 91.4 H15.5 95.5 !09.S 599G -0.2 -1 59!:;5 -553.0 1.04t1. 
177.0 91.5 18G.0 S!;.7 10!L9 5928 -O.G -5 5923 -585.3 I.03!) 
177.3 91.3 1:15.5 95.5 10S.2 5358 -1. , -9 5349 -563.8 LOl.l 
.c 175.0 90.1 133.1 94.3 107.7 5.35 -1.5 -14 5781 -523.3 1.031 174.7 09.9 lB2.B 94.1 107.1 5736 -2,0 -18 5718 -584.6 1.0.G 
q" 
11105 ~S 173.2 39.2 1111.3 93.4 106.4 5659 -2.5 -23 5636 -10G.6 1.021 
171.0 88.0 179.1 92.2 105.5 55GB -2.9 -27 5541 -718.3 1.017 
170.1 87.5 178.2 . 91. 7 104.8 5487 -3.3 -31 545G -6')8.& 1.014 
lG7.8 86.4 175.9 90.5 104.0 5411 -3.6 -35 5376 -6:14.3 t .011 
165.0 85.4 173.8 a9.S 103.2 5323 -3.9 -30 52!!5 -';36.2 1.009 
164.9 04.9 172.9 39.0 102.3 5231 -4.2 -40 5191 -712.0 I.C07 
164.0 84.4 172.0 00.5 iOl.:'; 5148 -4.3 -41 5107 -639.9 1. CX;5 
163.3 84.1 171.~ 83.2 100.'/ :;074 -4.5 -43 5031 -600.0 1.00:! 
1805 59 IIi 1.2 83.0 t69. I 87.1 99 .. '5 4930 -4.5 -43 4937 -811. :2 1.0()2 
159.3 1l2.0 1(;7.2 BG.l !lILT 4872 -4.5 -43 4829 -037 .8 1.001 
159.6 82.2 167.6 BG.:! S7.7 4770 -4.~ -43 4727 -790.2 1.000 
IGO.O 02.4 IGiLO 86.5 96.7 467;,l -4.4 -42 4631 -771.0 1.000 
159.3 '32.0 167.3 ct::. I 95.7 4576 -4.3 -41 4535 -762.G 1.000 
159.1 ~2.2 167.0 86.4 94.7 44Bl -4.3 -41 4440 -<;91.1 0.0'"...<) 
159.1 81.9 \67.3 aG.l ~3.6 4402 -4.2 - .. 1 43151 -:575.0 c.coo 
151.5 03.1 1GS.C 07.4 93.1 4::137 -4.2 -40 4297 -5\2.3 0.000 
'\ 
.. t. 
r---~'--r-__ ,.---""",.---"",,,~, .......... -.,,~~ .... 






Sideslip angles computed Id th 
(Term I), rudder deflection term 
Gross weight W = 324,822 l~$, wing 
deflection angle in d~g., YR is yaw 














































































































































































































three terns, lateral acceleration 
l Term 2), ar.d yal,. rate (Terr.! 3). 
area A = 3456 s~. ft.,RO is rudder 
rate, and f3 Sideslip angle. 
J!..L- ~~) 
































































































v ~C'" ,one"! Wlodsi>Hds (m/s) 
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" 143 A.ll Siueslipangles ! • :J. 
.. 
18115:01 to 18\15:07 COT ~ 
! \ COT n, VI C !£~ ~'- ~ -E,_~~Q) v· rC"npcnen' W.r.d,pH!ds (m/s) • C..RO I 
It m s - Has A '"2 TAS T~rm I Tarm 2 Term 3 {JaO Term I T~M1SI'2 T~!'2'3 I .. 1805 01 0 0075 0.0041 -0.0005 0.34 0.19 -0.02 2.1;6 3.13 2.95 2.99 
O.OO!)I 0.0035 -0.CY.>:5 0.42 0.16 -0.0:' 2.60 3.10 :l.B8 2.91 I 0.0110 0.0029 "0.0005 0.50 O.IS -0.02 2.56 2.95 2.77 2.eO 
0.0122 0.0020 -0.00C3 0.56 0.09 -0.02 2.51 2.05 2.72 2.7-l f 
00123 0.0012 -0.0001 0.56 0.05 -0.01 2.·n 2.001 ')..77 2 78 I 0.0121 0.0009 a 0001 0.55 0.04 0.00 2.~G 2.81 2.81 2.80 , 
0.(>123 0.0006 0.0002 0.56 0.03 0.01 2.019 2.04 2.81 2.79 ( 
0.0130 0.0002 0.0002 0.59 0.01 0.01 2.53 2.70 2.77 2.75 i 
1805 02 0.013'5 -0.0000 0.0002 0.61 -0.00 0.01 2.54 2.701 2.701 2.73 I 0.01301 -0.0000 -0.0000 O.GI -0.00 -0.00 2.55 2.72 2.72 2.72 
0.01301 -0.0000 -0.0003 0 6t -0 00 -0.01 2.54 2.65 2.b5 2.67 I 0.0125 -O.OOCO -0.0004 0.57 -0.00 -0.02 2.51 .2.62 2.(,2 2.':5 0.0109 -C/.OO{)O -0.0004 a 50 -0.00 -0.02 2.017 2.63 2.63 :!.65 0.0081 -0.0000 -0.0002 0.37 -0 00 -0.01 2.013 2.73 2.73 2.7S t 
0 COSe' -0.0000 -0.0001 0.23 -O.CO -0.00 ;> .43 2.-C 2.76 2.76 i I 
a 0016 -a . (Y',J()() -0.oe02 0.21 -0.00 -0.01 2.013 2.72 2. '12 2.71 I 
1805 03 a 001;2 -0.0000 -0.0005 0.211 -0.00 -0.02 2.39 '1.72 2.71 2.73 I 
a 00,,5 -0.0000 -0.0007 0.30 -0.00 -0.03 2.3'2 2.63 :1.63 2.66 I I 
a 0036 -0.0000 -0.0008 0.17 -0.00 -0.001 2.2:1 2.49 2.49 2.43 I -0 0015 -0.0000 -0.0007 -0.07 -0.00 -0.03 2.15 2.05 2.C5 2.01 -0.0051 -O.OCOO -0.0004 -0.26 -O.CO -0.02 :1: II 1 72 1.72 1.69 
-0.C054 -O.COOO -0.0003 -0.25 -0.00 -0 01 2.08 1. 72 1. 72 1.·70 
-0 0')3·1 -0.0000 -0.C::04 -0.16 -0.00 -0.02 2.06 l. !!3 1. 83 1. 8:) 
-0.00'3 -0.0000 -0.OV06 -0.06 -0.00 -0.03 2.02 1. 93 1. 93 I.!H! 
1805 001 -0 CO'O -0.01..'00 -o.ooon -0.0" -O.CO -0.04 I. 94 1 IlB I.BA I. B~ 
-0.0'.lJ3 -0.0000 -0.000B -0.17 -0.00 -0.03 1.8G I.Gl I.Gl 1. 56 
-0 COG A -0 0000 -0.0007 -0 31 -0.00 -0.03 I 79 1.33 1. 33 1.2il 
• () . 00'_''3 ~l 0.0002 -0.000" -0.31 0.01 -0 03 I 72 1.25 1.:27 1. 22 
-0.004<3 0.0006 -0.0007 -0.2 t 0.03 -0.03 I. 64 1. 33 !. 37 1.12 
O.O<..".'t:i 0.0009 -0.0006 0 03 0.001 -0.')3 1.56 I. 59 1.65 1. GO 
0 005() 0.0012 -0.0000 0.23 0.05 -0. )·1 I. 48 1.80 1.-62 1.01 
0.00<37 0.0017 -0.0000 0.30 O.OB -0.·J4 1.40 1. 72 1.62 1.GG 
. I 
1005 05 0.0'.)7'j 0.0023 -0.0(')0 0.33 O. II -0. "4 I. 32 1.G 1 :'46 I. 52 
0.0·:;'35 0.0026 -0.00_,(; 0.30 (\. 12 -0.03 1.25 1.Cj8 1.4 , 1. oIG 
O.COG! 0.0029 -0.0004 0.28 0.13 -0.02 1.21 1.~G 1.38 1.40 
0.007.t O.OOJO -o.OX:;' 0.34 0.14 -0.01 1.18 I. ';5 1. 2;; 1.27 
0.0096 0.0029 -0.0001 0.43 0.13 -0.00 1.17 1.31 1. 12 1. 12 
'0.010'1 0.0026 -0.0001 0.50 0.12 -0.00 1.14 1.24 1.06 1.07 
0.0107 0.0023 "0.0001 0.49 O. I I -0.00 1.11 1.:10 I. 12 I.I:! 
0.OC8.J 0.0017 -O.O'X);? C.38 o.oe -0 01 1.08 L~'i I. 34 1. 35 
1805 06 O.OOGI 0.0012 -0.OC03 0.28 0.05 -0.02 I 02 1.43 1.4!! 1.00G 
O.OOJIl 0.0009 -O.OC')'! 0.17 0.04 -0.02 0.97 1.23 1.:19 1.20; 
0.001·1 O.OO'')G -0.0003 0.06 0.03 -1).01 0.93 1.03 1.06 I 05 
O.(K'O~ 0.0002 O.CC01 0.04 0.01 0.01 0 Y I 0.97 0.98 0.99 
0 001l -0.0000 ~).ooo~ 0.06 -0.00 0 02 0.94 1.03 1.03· 1.07 I 
0.005·1 -0.0000 0.000'> 0.25 -0.00 O.C] 0.99 1.35 I. 35 1. :is I 0 0106 -0.0000 0.OC'·)4 0.48 -0 00 0.02 t 02 1.35 1.35 1. 32 [ 
0.0139 -0.0000 0.ex")1 0.63 "0.00 0.01 I 04 1_.14 1. :.t 1.11 t , 
1905 07 0.0151 -O.CCOO -O.OC.'O O. En -0.00 -0.00 1 0J 1.05 1.'.)5 1.05 j 0.0114 -0.0')00 O.OC-:x) 0.5:1 -O.CO 0.00 1 .02 i .28 1.29 1.28 
0.()070 "0.0000 0.<"'<"";)1 0.3:! -O.CO 0.00 1.02 1 . ~6 1.48 1 .• :9 
0.0021, '- O. (X'D') O.<..'COI 0.12 -c.CO a 01 1.02 1.20 I. 20 1 • ~ 1 
-0.0009 -0.0000 o.c..(";)1 -0.04 -0.00 0.01 1.0i O.~5 O.?"> '0.9(; 
0 ('0:)1 -o.oeoo 0.0(:01 0.01 -0.00 0.01 1.01 1.02 1.02 1.03 
0 . C()JG -0 0000 0.0001 0.17 "0.00 0.0' 1.02 1 ~G 1.:26 I .2'! 







1805:08 to 1805:14 CDT 
COT o,W C~ 
h - Tr.CAS A C..fiO YO 2 TAS m 
1805 08 0.0')-1',' -0.0000 0.0001 







-0 0027 -0.0000 -0.000-1 
-0.~31 
-0.0000 -0.0003 
-0.0035 -O.G.."OC' -0.0001 






-0.0030 -0.0007 -0.0002 
-0.0043 -0.0016 -O.OOC:1 
-0.0063 -0.0024 ~0.OOV3 
-0.C075 -0.0034: -0.0003 
-0.0083 -0.0041 -0.0004 
1805 10 -0.0097 -0.00·18 -0.0005 





-0.0128 -0.0026 -0.0007 
-0.0117 -0.0015 -0.0\.."09 
-0.0106 -0.0004 -0.0012 
-0.0~02 0.0001 -0.0012 
1805 II -0.0105 O.OCOI -0.0009 
-0 01'-4 -0.0007 -0.CC07 
-0.0146 -0.0;:)15 
-0.0006 
-0.0163 -0.00:;:6 -0.0007 







1805 12 -O.OOfl:! -0.0048 -O.OOC6 
-0.0075 -0.00-18 -0.0008 
-0.0071 -0.00.1:3 -0.0;)08 
-0.(''OG7 
-0.0:>48 -0.0010 
-0.0061 -0.0048 -0.0012 
-0.C082 -0.0048 -0.0010 
-0.0124 -0.OC·.J3 
-0.0001l 
-0.0162 -0.0039 -0.0006 
1805 13 -0.0176 -0.00::1'; -0.0007 
-0.0158 
-0.0015 -0.0003 











laO!) 14 -0.02G7 -0.COS4 0.0...."'04 
-0.0274 -0.0::)57 0.0005 
-0.('257 -O.OOGO O.C005 
-0.O~43 -0.00':;5 0.0005 
-0.0::156 -0.0071 0.0.005 
-0.0;:65 -O.(,O7~ O.(XK)G 
-0.0245 -0.0.,77 0.0006 



























































,'.11 Sideslip angles 144 
--E..L. --,~~Q) v-comlX-ncnt Wlndsr.~ds (""s) 
T .. ",2 THno 3 paC TNm I Terms 1-2 TMn\ I'Z>3 
-O.C:) 0.00 1.02 1.35 1.35 1.35 
-0.00 0.00 1.03 1. 11 1.11 1. 11 
-0.00 0.(>0 1.04 0.93 0.98 0.98 
-/).00 '0.00 1.05 0.95 0.95 0.95 
-0.00 -0.01 1.02 0.58 0.68 0.66 
-0.00 -0.02 0.97 0.79 0.79 0.76 
-0.00 -0.01 0.93 0.72 0.72 0.70 
-0.00 -0.00 0.9) 0.66 0.66 0.65 
-0.00 0.00 0.91 0.61 0.61 O.Gl 
-0.00 -O.CO 0.90 0.62 0.62 0.G2 
-O.CO -0.00 O·.SO 0.G8 0.G6 0.67 
-0.03 -0.01 i).89 O.G!) 0.64 0.63 
-0.07 -0.01 0.89 0.59 0.48 0.·17 
-0.11 -0.01 0.68 0.44 0.27 0.25 
-0.15 -0.02 0.87 0.35 0.12 0.10 
-0.19 -0.02 0.85 0.27 -0.02 -0.05 
-0.22 -0.02 0.82 0.15 -0.19 -0.22 
-0.22 -0.02 0.76 -0.0:.1 -0.37 -0.40 
-0.22 -0.03 0.75 -0.15 -0.49 -0.53 
-0.18 -0.03 0.64 -0.14 -0.41 -0.45 
-0.12 -0.02 0.52 -0.14 -0.33 -0.3a 
-0.07 -0.04 0.40 -0.10 -0.21 -0.28 
-0.02 -0.05 0.24 -0..11 -0.14 -0.22 
0.01 -0.05 0.07 -0.18 -0.17 -0.25 
0.01 -0.04 -0.09 -0.28 -0.27 -(\.33 
-0.03 -0.03 -0.21 -0.47 -0.51 -0.,,6 
-0.07 -0.03 -0.29 -0.67 -0.711 -0.t2 
-0.12 -('\.03 -0.39 -0.86 -1.04 - 1.09 
-0.1"7 -':. 'oJ -0.49 -0..95 -1. 21 
- t ~:J5 
-0.18 -0.03 -0.58 -0.87 - 1.15 -I. IS 
-0. ~9 -0.03 -0.66 -0.75 -1.0S -1. 11 
-0.21 -0.01 "0.75 -0.69 -1.02 - 1.08 
-0.22 -0.04 -0.84 -0.68 - I .0:;) -1.07 
-0.22 -0.03 -0.92 -0.73 -1.0.7 -1. 13 
-0.22 -0.04 -1.00 -O.BO -1.14 -1 . .20 
-0.22 -0.05 -1.10 -0.58 -1. :2 
- 1.29 
-0.:!2 -O.OS -1. ~3 -('.98 -1. 3 I 
- 1.39 
-0.:::0 -0.05 -1.3!j - : :>5 -1.5!'! - 1.66 
-0.22 -0.0) - 1.44 -1.G5 
-1.9S -2.0.\ 
-0. IS -0.0.3 -1.50 -1.88 -2.25 -::!.30 
-0.12 -0.03 -1. 51 -2.12 -2.31 -::!.36 
-0.07 -0.04 - 1 .66 -~.24 -2.35 -2.41 
-0.02 -0.0.3 -'.74 -:2.52 -:2.55 -2.60 
-0.01 -0.02 - 1.79 -2.77 
-2.78 -2.81 
-0.02 -0.02 -1.79 -2.B4 
-:'.38 -2.!iO 
-0.07 -0.01 -1.79 -2.75 -2.05 -~.87 
-0.12 0.00 -1.78 -~.G6 -2.1'14 -2.84 
-0.19 0.01 -1 7'3 -2.75 -3.(.'3 -3.02 
-0.24 0.02 -1.73 -2.89 -3.26 -3.~J 
-0.:20 0.02 -1.67 -').39 -3.26 -3.::fJ 
-0.:0 0.02 -1.62 -:'.71 ·3.13 -3.09 
:'0.30 0.02 -1.55 -:;'",57 
-3.03 -3.00 
-0.3:.1 0.02 -1.40 -~.C;;5 -3.15 -3. I I 
-0.34 0.03 - 1.39 -:,.71 -3.2.! -3.19 
-0.35 0.03 -1. 31 -;- .57 -3.11 -3.07 
-0.39 O.O:! -1.2: -;,!.19 -2.80 -2.75 
r ! '. 
I 145 ll..ll Sideslip "ingles· r 
I 
I 1805:15 to 1805:21 CDT I 
I , COT Cr \V 'fR b _A- ~.- ~~l y - c~mp()ru'n t WIMhpc.,(lt (m/s) I ----
- tP,c.\S A C..RD c..:2 TAS ! h 1':1 S Term I T~ ... n:2 Tarm 3 /J-O Ten... I l'effn~ ~+2' Te-nt'll·.!+3 
~ 
I 
I 1805 15 -0.01~7 -0.009S O.OOOS -0.G7 -0.43 0.03 -1.15 -1.66 -2.53 -2.49 ! 
I -0.0143 -0.0100 0.0006 -O.C5 -0.4G 0.03 - t .OS -1.81 -2.52 -2.48 
I 
-0.0157 -O.OIOG 0.0(.06 -0.71 -O.~tl 0.03 -1.02 -1.85 -2.60 -2.56 
! -0.0199 -0.0110 0.0006 -0.90 -0.50 0.03 -0.95 -2.08 -2.86 -:1. 0 t 
-0.0241 -0.0112 0.0006 -1.09 -0.5\ 0.03 -0.90 -2.27 -3.07 -3.02 
-0.0254 -0.0109 0.0006 -1.1G -0.5(1 0.03 -0.85 -2.26 -3.03 -2.99 , 
-0.0249 -0.0106 0.0006 _.,. ~3 -0.48 0.03 -0.32 -2.10 -2.05 -2.61 i ! , 
, -0.0229 -0.0103 0.0003 -1.04 -0.47 0.02 -0.79 -1.86 -2.59 -:2.56 
. 
1605 16 -0.0215 -0.0100 0.0000 -0.98 -0.46 0.00 -0.77 -1.72 -2.44 -2.44 
-0.0238 -0.0100 -0.0002 -1.0S -0.46 -0.01 -0.72 -1.92 -2.64 -2.6S 
-0.0274 -0.0100 -0.0003 -1. 25 -0.4!; -0.02 -0.68 -2.30 -3.0:! -::I.C-I 
-0.0312 -0.0095 -0.0003 -1.42 -0.43 -0.01 -0.63 -2.71 -3.39 -3.42 
-0.0332 -0.0009 -0.0003 -1. 51 -0.40 -0.01 -0.63 -3.00 -:;.64 -3.66 
-0.0364 -0.0083 -0.0000 -1.65 -0.38 -0.00 -0.69 -3.32 -:.J.92 -3.~2 
-0.0~19 -0.0077 0.0002 -1.90 -0.3!> 0.01 -0.70 -3.74 -4.~9 -4. :m 
-0.0455 -0.0073 0.0006 -2.07 -0.33 0.03 -0.65 .-3.95 -4.48 -4.43 
1805 17 -O.~54 -0.0071 0.0010 -:2.06 -0.32 0.04 -0.54 -3.B5 -4.37 -4.29 
-0.0390 -0.0074 /').0010 -1.77 -0.34 0.04 -0.40 -3.25 -3.79 -3.7:.1 
-0.0319 -0.0077 0.0008 -1.45 -0.35 0.04 -0.24 -2.60 -:t.16 -3.10 
-0.0265 -0.0085 0.0006 -1.:10 -0.39 0.03 -0.21 -2.06 -2.70 -2.65 
-0.0:128 -0.0095 O.OOO{' -1.04 -0.43 0.03 -0.16 -1.69 -2.39 -2.34 
-O.022B -0.0100 0.0009 -1.0·1 -0.46 ~.OI -0.10 -1.57 -2.::11 -2.:;:4 
-0.0235 -0.0106 0.0012 -1.07 -0.48 0.05 0.02 -1.41 '"'2.20 -~. 12 
-0.0228 
-0.0110 0.0010 - 1.04 -0.50 0.05 0.20 -1.17 -2.00 - t .92 
1805 la -0.0205 -0.0112 0.00:>7 -0.93 -0.51 0.03 0.38 -0.69 -1.73 . -1.G8 
-0.0186 -0.0109 0.0'"..)03 -0.S5 -0.50 0.01 0.54 -o.6!) -1.51 - t .':8 
-0.0185 -O.OIOG 0.0002 -0.34 -0.4£! 0.01 0.65 -0.62 - 1.42 - t.~ 1 
-0.0171 -0.009E! 0.0002 -0.7a -0.44 0.01 0 .. 74 -0.42 -1.15 -1.14 
-0.0128 -0.C08!) 0.0COI -0.5S -0.40 0.00 O.n2 -0.00 -0.G7 -O."G 
-0.01'-2 -0.0083 -0.0001 -0.55 -0.311 -0.01 O.~O 0.11 -0.51 -0.'S2 
-0.0166 -0.0077 -0.0..."03 -0.76 -0.35 -0.01 0.92 -0.16 -0.74 -0.76 
-" 
-0.0207 -0.0070 -0.0001 -0.94 -0.32 -0.01 0.913 -0.45 -C.S7 -0.98 
1805 19 -0.0\95 -0.QOt;5 -0.0000 -0.B3 -O.:W -0.00 1. 13 -0.32 -0.01 -O.SI 
-0.0113 -0.0065 -0.0001 -0.51 -0.30 -0.00 1.13 0.:'0 -0.18 -0.19 
-O.0()37 
-0.0065 -0.0002 -0.17 -0.30 '0.01 t. 16 0.90 0.4' 0.39 
0.Ct013 -0.0065 -0.0007 006 -0.30 -0.03 1. 21 1. 20 0.02 0.77 
0.0051 -0.0065 -0 c,o \1 0.2::l -0.30 -0.05 1. IS 1.06 1.07 1.00 
0.0042 -0.0065 -0 0012 0.19 -0.30 -0.05 1. I I 1. 11 0.94 0.86 
0·00\2 -0.0065 -0.0012 0.05 -O.~IO -0.05 1.03 Lit 0.G4 0.5'; 
0.0016 -0.005-1 -0.0012 0.07 -0.24 -0.05 0.94 1.05 0.68 0.59 
, ,. 
.. le05 20 0.C065 -0.0038 -0.l)()14 0.29 -0.17 -0.06 0.B4 .1.06 1.03 0.93 
0.0103 -0.0024 -0.0015 0.47 -0.11 -0.07 0.72 O.SI c.!)7 1.07 
0.0037 -0.0010 -0.0015 0.39 -0.05 -0.07 0.58 O.~O 0.!!7 1.00 
0.0003 0.0003 -0. (X)\4 0.01 0.01 -0.06 0.53 0.55 0.57 0.47 
-o.oon 0.0012 -0.C',o14 -0.33 0.05 -0.06 0.50 -O.l'l 0.07 -O.O:! 
-0.0126 O.COO!) -0.0:>16 -0.57 0.04 -0.07 0.47 -0.41 -0.3!> -0.46 
-0.0170 0.0006 -0.(,'017 -0.77 0.03 -0.08 0.31 -0.31 -0.77 -0.89 
-0.0134 0.0005 -O.oon -0.84 0.0:< -0.08 0.25 -1.02 -O.Sil 
-'. It 
1S05 2\ -0.Ola2 0.0006 -0.0;)17 -0.83 0.03 -0.08 0.12 -1.13 -1.09 -1.21 
-0.0232 O.OOOS -0.00\5 -1.05 0.04 "0.07 -0.03 -1.63 - 1.57 -1.67 
-0.0329 0.C01:! -0.0012 -1.50 0.05 -0.05 -0.22 -2.47 -2.40 -2.':8 
-O.O~13 0.001:1 -c.OX'S -, .8e 0.06 -0.04 -0.43 -3.25 -3.15 -3.=2 
-0.O~39 0.0012 -0 0-:)06 -2.0-') 0.05 -0.03 -0.61 -3.S!'> -3.51 -3.SS 
-0.0385 0.OOC9 -0.00-;)3 -1.75 0.001 -0.02 -0.77 -3.27 -3.31 -3.3J 
-0.C3:l3 0.00;)6 -0 0000 -1.52 0.03 -0.00 -O.O~ -3.13 -3.10 -3.10 
-0.0316 -0,0007 o . ()I)O:! -1.44 -0.03 0.01 -0.95 -3.07 -3.11 ~3.0J 
I 
~ i , 
r.:.--·:· ... I:.;.;-.E=-_i;)1t.8?/7=ZL:C'1~:2S-2;2l~:E::j~'7;:;7;;.,r~--;:'.}f.:;};;;;;:0,;·~L.J 
1805:22 to 1805:28 CDT 
COT 































































































































































































































































































































































-0. I ~ 
-0. 1~ 
y·tom;>O~t It W.r.d;r«d: (mI.) 































































































































































































































1. !j I 
1.33 
--___ · .... PIi-..., 
,:'-:. . " ,t~ .. :.-. • : :-~ ,_., ,,: -. ;~ • ',:. ' " " t ."" • ,". "~ ~~,~;·!;··2J:-:~;::~:i~:;:~~~~·~~::~;:::.~··-.;·ii~.2~r~L;~~,·i~'-;:·,:~;~~~~k-~,;i·~·'4·H-.~::!-·::·-·,~~~L,.~:.>~.:.it;,~.:-ij~ii1,· 
! 147 
COT 
" r h m s , 
I 


































































































































































































































































































































































1805:29 to 1805:35 COT 
\'-compCfl~nt Wlnd,p~~1 (mI.) 









































































































- ~ 1.94 
-13.08 
-13.11 













































































































































1805:36 to 1805:42 CDr 
COT o,w 








































































































































































o . <Y .. )7 
o ~ OO:~S 

















































































































A.ll Sideslip angles 148 
,8, (=,,~j 
l~3 
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149 il.ll Sideslip angle!; 
1805:43 to 1805:49 ClJT 
.. 
... COT o,w C ~:...!?. ~ .J!L. ...J1(d~1 v-c(\mpon~n' Windlp,,~, ,mlsl , I 
- Tl:CASA c".RO h M to 2 TA~ Term 1 "1:.:,,1'(\ 2 ':'tnn ;\ (JoO Term 1 T,rmt 1+2 T6IlToS 1.2+3 
1805 43 -0.C301 -0.0112 0.0005 - 1.37 -0.51 0.02 -2.43 -2.59 -3.20 -3.18 
.. -0.0109 -0.012G 0.0004 -0.4!! -0.57 0.02 -2.31 -1.72 -2.31 '-2.29 
.. 0.0104 -0.01':1 0.0004 0.47 -O.G.1 0 02 -2.21 -:1. 78 -2.00 -2.02 
0.0272 -0.0148 0.0003 I. 24 -0.61 0.01 -'.11 -3.63 -2.81 -2.62 
0.0389 -0.0147 0.0003 1.17 -0.67 0.01 . -1.911 -4.11 -3.3~ -2.36 
0.0380 -0.0135 0.C>OO3 1.13 -0.61 0.02 -1.82 -3.S6 -3.21 -3.2:1 
0.0342 -0.0124 0.0004 1.55 -0.56 0.02 -1.64 -3.61 -2.90 -2.92 
I 0.0250 -0.0093 0.0002 1. 13 -0.42 0.01 -1.54 -2.96 -2.41 -2.43 l --~-.,,' . -.f. 1805 .14 0.0153 -0.0061 -0.0001 0.69 -0.28 -0.01 -1.60 -2.'8 -1.92 -'1.91 
t 0.0064 -0.0041 -0.0005 0.29 -0.19 -0.02 -1.72 -1.66 -1.GO -1.6:1 
l -0.0012 -0.0022 -0.0007 -0.05 -0.10 -0.03 - L8B -1.95 -2.08 -2.12 
I -O.OOGO 0.0013 -0.0005 -0.21 o.oe -0.02 -1.99 -2.34 -2.26 -2.2:1 -0.0101 0.004;; -0.0001 -0.46 0.21 -0.01 -2.05 -2.64 -2.37 -2.38 -0.0304 0.0061 0.0001 -1.38 0.28 0.01 -2.0!) -3.06 -3.51 -3.50 
! -0.0622 0.0076 0.0003 -2.83 0.34 0.01 -2.07 -5.11 -5.27 -5.25 -0.0851 0.0082 0.0008 -3.90 0.31 0.03 -2.05 -7.01 -6.59 -(;.55 
I 1805 45 -0.0923 0.0081 0.0014 -4.20 0.31 0.06 -1.9G -1.36 -6.80 -6.80 I -0.0162 0.0070 0.0019 -3.41 0.32 0.09 - 1.84 -6.29 -5.B8 -5.77 
I -o.OGn 0.0058 0.0020 -2.83 0.26 0.09 -1.65 -!;. 29 -4.95 -4.83 
-",. I -0.0621 0.00:76 0.0018 -2.82 0.12 0.08 -1.015 -5.08 -4.93 -4.83 
I -0.OGG7 -0.0010 0.0016 -3.12 -0.05 0.07 -1.23 -5.27 -5.33 -5.201 
I -0.0751 -0.00:;3 0.0021 -3.41 -0.15 0.10 -1.03 -5 . .17 -S.G7 -5.5<1 




-0.0086 0.0030 -2.59 -0.:19 0.14 -0.48 -3.9a- -4.42 -4.24 
. - I 
I 1805 46 -0.0360 -0.0112 0.0023 - 1.64 -0.51 0.13 -0.21 -2.38 -3.06 -2.39 , 
t -O.O22:! -0.0118 0.0023 -1.01 -O.~4 0.10 0.01 -1.33 -'.04 -1.90 
I. -0.:)174 -0.0124 0.0021 -0.79 -0.56 0.10 0.:10 -0.C6 -1.Gl -1.<10 -0.0187 -0.0120 o.oon -0.55 -0.~5 0.10 0.40 -0.74 -, .46 -1.35 
-0.0156 -0.0112 0.0020 -0.71 -0.51 0.09 0.<';1 -0.36 -\ .05 -0.52 
f -0.0023 -0.0100 0.0017 -0.11 -0.46 o.oa 0.77 0.62 -0.00 0.10 0.0130 -0.OCS9 0.0014. 0.59 -0.40 0.06 0.90 0.28 0.1l4 0.75 
: 0.0130 -0.0006 0.0014 0.59 -0.30 0.06 1.01 0.43 0.84 0.75 
la05 47 O. C.102 -0.0044 0.0015 0.01 -0.20 0.07 1.10 I. I! 0.04 O.!J-l 
-0.0192 -0.0033 0.0010 -0.67 -0.15 0.08 1. 25 0.03 -0.16 -C.O;; 
-0.0305 -0.0022 0.0022 -1.39 -0.10 0.10 1. 39 -0.56 -0.70 -O.~6 
-0.0~52 -0.000'l 0.0021 -1.15 -0.04 0.10 1.56 -0.05 -0. t 1 0.03 
-0.0IG7 -O.OCOO 0.0013 -0.76 -0.00 0.08 1. 70 0 63 0.6J 0.75 
0.0021 -0.000;) 0.0014 0.10 -0.00 0.06 1.82 1.95 ! .95 2.04 
0 02<10 -0.0000 0.0012 1.09 -0.00 0.05 1.811 1. 34 1. 34 1.26 
0.0500 -0.0012 0.0013 2.27 -0.05 O.OG 1.9~ -0.16 -0.08 -O.IG 
~ 18C5 48 0.0751 -0.00:':8 0.0013 3.41 -0.13 0.06 2.04 -L61 -1.43 - t. 52 / 0.0907 -0.0041 0.0010 4.12 -0.19 0.05 2.16 -2.48 -2.:1 -2.'-7 
t 0.1004 -0.0055 0.0007 4.5G -0.25 0.03 2.23 -3.04 -2.65 -2.72 0.0977 -0.0054 0.0003 4.44 -0.25 0.(,1 2.J3 -2.02 -2.45 -2.46 0.0920 -0.0044 -O.COOO 4.16 -0.20 -0.00 2.39 -2.47 -2.1[; -2.18 ! 0.0956 -0.0024 -0.0002 3.09 -0.11 -0.01 2.44 -2. to -1.94 -1.92 
t O. ,814 -0.000·1 -0.0003 3.70 -0.02 -0.0: 2.44 -1.90 -1.87 -1.85 0 0542 0.0050 -0.OOC3 2.46 0.23 -O.CI 2.42 -0.14 -0.18 -0. A6 
11305 .:~ 0.0101 0.0111) -0.oe02 0.46 0.50 -0.01 2.40 '}.71 2.03 2.04 
'0 ()Z!:IG 0.0148 -0.0003 -1. '6 0.G7 -O.O! 2.44 0.70 1.70 1.6S 
-0.0382 0.0165 -0.0005 -1.74 0.94 -0.02 2.44 -0.17 1.10 1.0"; 
-0.0300 0.1,):1'0 -0.0007 -1. JG 0 99 -O.C-::) 2.44 0.:18 , "::'3 I. flJ 
r -0.0295 0.0231' -0.0003 -1. :14 l.e8 -0.04 2.<17 0.41 2.01i 2.01 
i -O.O:;!f,5 0.0:226 -0.0003 -1.:'9 1.03 -0.01 :L~e 0.5(; 2.16 2.W -0.O19~ 0.02'.1 -0.0010 -0.90 0.9;' -0.05 :2. I~C t .:':2 2.1'1 2.70 
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)1.11 Sideslip angles 150 
1805:50 to 1805:53 COT 
COT o,W YR b 
-.f!!..... A... "'£l.rj.)~i v-c~mp"'..ncr.t WioJ.predc (m/s) c".RO 
- i-"!CAS A C" 2T.\S h m , Tnnl nnn2 ""ftnn Z {l.o Torm 1 T~ms 1-2 T~I-:!-3 
lC05 so -0.0109 0.0151 -0.0002 -0.49 0.6& -0.01 2.49 1.69 2.60 2.79 
-0.0155 0.0131 0.0007 -0.69 0.59 0.03 2.38 0.94 1.90 1.95 
-0.0274 0.0110 0.0014 -1.25 0.50 0.06 :!.49 0.48 1.29 1. 39 
"0.0251 0.0077 0.0017 -1.14 0.35 O.OB 2.65 0.82 1.39 1 51 
-0.0167 O.OO~G 0.0020 -0.76 0.21 0.09 2.04 I.E3 1.96 2.1 I 
-0.0042 0.0035 O.OO!!l -0.19 O. iii 0.09 2.91 2.GO 2.65 2.99 
0.0050 0.0023 0.0018 0.23 0.11 0.00 2.96 3.32 3.48 3.61 
0.0136 0.0010 0.0016 (l.62 0.05 OJ)7 2. !~9 3.94 3.9S 3.92 
lS05 51 0.0255 -0.0000 0.0016 1. 16 -0.00 0.07 0.15 3.32 3.32 3.20 
0.0432 -0.0000 0.0017 1.96 -0.00 0.08 :1. -;0 2.14 2.14 2.02 
0.0612 -0.0000 0.0016 2.78 -0.00 0.07 3.80 0.93 0.93 0.G2 
0.0724 -O.()()()C 0.0014 3.29 -0.00 0.06 4.15 O. t7 O. t7 0.07 
0.0778 -0.0000 0.0012 3.54 -0.00 0.05 4.44 -0.22 -0.22 -0.30 
0.0863 -0.0000 0.0011 3.92 -0.00 0.05 4.613 -0.59 -0.89 -0.97 
0.1018 -0.0000 0.0008 4.63 -0.00 0.04 4.64 -2.12 -2.12 -2.10 
0.1581 -O.OOO~ -0.0017 7.18 -0.01 -0.08 4.93 -6.31 -G.30 -6.17 
1605 52 0.2339 -0.0004 -0.0045 10.63 -0.02 -0.21 4.47 -12.26 -12.23 -11.91 
0.2739 -0.00,')7 -0.0041 12.45 -0.03 -0.19 3.-e4 -15.61 -15.76 -15.46 
- 0.2708 -0.0009 -0.0017 12.:;~ -0.04 -0.08 3. ·1li -16.00 -15.93 -15.81 ., 
0.204!l 0.0003 0.0012 S.:l1 0.01 0.05 3.52 -11.20 -11.22 -11.31 
0.140G 0.0020 0.0030 C.2D 0.03 0.14 3.90 -6.20 -6.35 -6.56 
0.0960 0.0031 0.0016 4.36 0.17 0.07 4.42 -2.46 -2.73 -2.34 
0.0630 0.·')054 -0.0033 2.86 0.24 -0.15 4.38 -0.13 -0.52 -0.26 
0.0644 0.0095 -0.005:<' 2.93 0.4:.1 -0.24 3.<'13 -1.19 -1.138 -1.50 
1605 53 0.0770 0.0139 -0.0017 3.50 O.G~ -0.06 2.07 -2.6C -3.68 -3.~6 
0.0812 0.0165 -O.OOO::! 3.b9 0.7:' -0.01 2.!l,) -2.07 -4.07 -4.05 
0.0£80 0.0191 -0.001'1 3.Ci9 0.137 -O.C!} 2.97 - t .97 -3.36 -3.24 
0.0324 o.onJ -0.0004 I. 47 1.02 -/). C;I :<.60 0.43 -1.22 -1.19 
-O.0()O7 0.0249 0.0004 -0.03 1. 1~' 0.02 3.37 :!.:ll 1.57 1. :;4 
"g1-OoO' " 0.02!;2 -0.0032 -0.51 1. 14 -0.15 3.62 2.71 2.56 2.01 C\J -o.OCSO 0.0255 -0.0047 -0.41 1. 16 -0.21 3.00 2.31 1. 72 2.09 
0.0034 0.0236 -0.0016 0.36 1.07 -0.0" 2.6(, 2.02 0.17 0.29 
For Sideslip angles of Delta 191. refer to the preliminary draft Casted 
October 10, 1985) cnti tied 
EST IHAT ION OF TIlE WINDS ALONG THE FLIGHTPATH FOP. mE DELTA LIOll 
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Angle of attack(AOl1) 





















COlfHE.Y Project 60 
Control wheel posleion(CW?)17,73-78 
Corrected a.irspeed(Cll.S) 65,133-141 
Crossl .. inc1 34,66,97-105 
C~rvature of heading 33,34,124-13~ 











Elllotli coordind tes 





























Indlcat.::d <1.ir.'l[:ccd (IllS) 
17,18,2lJ,67-72 
IJlcrtial al ti tu:!e (z) 79-87,115-124 
J 
JAi>S Project 60 











Long.i tudi nal ac 'cle:-ation 
Longitr..::.1inal wird!1-
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IIIMROD Project 59 






Parent cloud of microlJurst 










radar pictures 9,10,1·; 
satellite pictures 12,13 
Types A,S,B,I,C 62 
Pitch enqla(O) 10,21,22,31,32, 
73-7B,l24-11:! 
Pitch control column position(CPP) 






17-19,21 ,22 ,29 .. 30, 
37,73-78 
Roll -contr:ol I-Iheel I-">O<Ji tion (efiP) 
17,;0,66,73-78 
Roll nX.'>ll".:!r.t: ... . n 
Roll rate 
Rudder pedal 
37, 1 06-.1..I 4 
pasi tion (RPP) 
lludder posi tlon (RUD) 
Second cont.::;ct: 
l7L coordinates 







SP~CE Project 60 
Spoi1er(SFO) 17,66,73-78 
Stdl>illz.cr position 17,73-78 
St~tlc air temperature 18,30,67~72 
Stutic pressure sensor 19 
Str(~tc1Jing l'Ortices 16,25,35,57.61 

















Truo a!cspe~d(T~~) 65 
True ~ltutude(7~) 65,115-123 
Tru~ heading J4,67-72,124-1j2 
------
v 
Vertical ilc:celcraticTl 17,32 
Vl'rticd1 cuzv'at:u:-e of p.Jth 31,32 
Vertical p.Jth angle (rJJ 31,124-132 
Vr:?r.t:(:;al windsjw) -24,~8,32 
_ ~t l"ing tips 37 
Vertic.ll .rinas(L'':-l) 66,106-114 




y-componcmt l.-ind(u} 22,97-105 
x-C:C::lponellt: grou!1d spccd(x) 21 
y 
y-co""ponent uind(v) 23,24,97-105 
_ y-(X)r;:po.:wnt growlCf speecl(§) 21 
Yd\,' :iite( (- ?) 106-114 
z 
z-r..::;.ot><~nent \-lindttvj 22,97-105 
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